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THE ACHIEVEMENT MOTIVE AND RECALL OF 
INTERRUPTED AND COMPLETED TASKS! 


JOHN W. ATKINSON 
University of Michigan 


One important obstacle to satisfac- 
tory integration of the studies of 
motivation that have utilized the in- 
terruption-of-tasks method has been 
the lack of an adequate measure of 
individual differences in strength of 
motivation. The present investigation 
was an attempt to determine the effect 
of strength of achievement motivation 
on recall of interrupted and completed 
tasks and to determine whether the 
measure of the achievement motive 
developed by McClelland and his co- 
workers (14, 16) fills the need for a 
measure of strength of motivation. 

Several recent reviews (20), particu- 
larly Glixman’s (7), Alper’s (2), and 
Rosenzweig’s (18), treat the literature 
in a comprehensive manner. The 
present experiment attempts specific- 
ally to resolve the conflicting results of 
studies in which either presumed indi- 


1 This paper is based on a portion of a doctoral 
dissertation presented to the faculty of the Uni- 
versity of Michigan (3). The author is appre- 
ciative of the helpful interest and criticism of 
his committee: Drs. D. G. Marquis (chairman), 
E. L. Walker, D. R. Miller, T. M. Newcomb, and 
A. F. Zander. The investigation is part of a 
larger program of research on achievement moti- 
vation supported by the Office of Naval Research. 
A report of this study was given at the APA 
meeting, 1951. 
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vidual differences or experimentally 
induced changes in achievement-re- 
lated motivation have been related to 
differences in recall of incompleted and 
completed tasks. The results of Zei- 
garnik (22) and Marrow (12, 13), for 
example, imply that the greater the 
motivation to achieve, the greater the 
tendency to recall more incompleted 
than completed tasks. The results 
of Rosenzweig (17, 19), Lewis and 
Franklin (9), and Glixman (8), how- 
ever, seem to imply just the opposite 
relationship.? 

In the present experiment, differ- 
ences in recall of interrupted and com- 
pleted tasks are studied in relation to 
individual differences in strength of 
the achievement motive (n Achieve- 
ment) with different experimental 
instructions comparable to those of 
the earlier conflicting studies. Differ- 
ent groups of Ss were exposed to three 
different instructions prior to perform- 
ance on 20 paper-and-pencil tasks, half 
of which were interrupted before com- 
pletion. The different instructions 


2See also Alper’s (1) earlier demonstration 
that these opposite trends in selective recall can 
be related to a number of differences in personal- 
ity. 
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were designed to vary the probability 
that Ss would perceive completion of 
tasks as evidence of personal accom- 
plishment (or success) and incomple- 
tion as evidence of personal failure. 
The method used to obtain an n- 
Achievement score for each S has been 
experimentally validated and elabor- 
ated elsewhere (14, 16). 


PROCEDURE 


Experimental conditions—In a Task Orienta- 
tion condition, E made no deliberate attempt to 
create any kind of experimental atmosphere. He 
simply passed out the task folders after being 
introduced as Mr. and read an instruction 
for performance of the tasks adapted from Mar- 
row (12). Tasks were timed without calling 
attention to the fact. He interrupted by saying, 
“All right, we'll go on to the next one now.” 
After the twentieth task he immediately read 
instructions for the “test of creative imagination” 
(measure of n Achievement) and followed the 
standard procedure in administering this measure 
(14, 16). After the final story, recall was asked 
for in the following manner: “Now on the back of 
your story sheet, you are asked to recall as many 
of the tasks as you can that you did before the 
story test. Just jot them down in the order they 
come to mind, not necessarily in the order they 
were given. Be descriptive enough so that I will 
know which one you mean. When you can’t 
think of any more, I’ll take your paper.” The Ss 
took from 2 min. to a 5-min. maximum in recall. 
Names and sex were not asked for until Ss 
brought their folders to E. 

A Relaxed and an Achievement Orientation con- 
dition represent alterations of the basic procedure 
of the Task Orientation condition, on the one 
hand in the direction of minimizing the impor- 
tance of the tasks, and on the other of increasing 
their importance by making them seem to be 
measures of highly valued attributes. 

In the Relaxed Orientation condition, E lounged 
on the desk, joked with students, and in general 
attempted to create a relaxed atmosphere before 
being introduced as a graduate student who 
wanted to try out sometasks. This attitude was 
maintained in making the following remarks be- 
fore the task instruction: “I have worked out a 
series of paper-and-pencil tests that I plan to use 
with college students in some research later. 
Right now I am simply trying them out to find 
out which ones are suitable for my purposes. 
You don’t have to sign your names or anything 
since I’m not interested in your individual scores. 
However, I will appreciate your serious coopera- 
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tion so that we can learn something about the 
suitability of the tests.” From this point on the 
procedure was the same as Task Orientation. 

In the Achievement Orientation condition, E 
conducted himself in a serious manner in passing 
out the folders and giving instructions. He was 
introduced as Mr. who had some tests to 
give the class. The following preliminary state- 
ment was made: “During the war years, psy- 
chologists were called on to develop many dif- 
ferent kinds of tests in order to select people 
with high executive capacity, intellectual alert- 
ness, the capacity for making quick decisions, 
and leadership. Now I am going to give you a 
series of tests in order to compare your scores 
with those of other college students. Without 
opening the folder, will you write your name and 
sex on the outside of the folder. If you know 
your IQ you might write that under your name 
and your grade point average for the first semes- 
ter.” After completing the same instruction for 
the tests used in Task Orientation, he added, 
“Your work will be interpreted as representing 
the full extent of your ability, so do your best.” 
The procedure already outlined was followed 
with these changes: (a) E made it clear to Ss 
that they were being timed; (6) while Ss worked 
on the tasks, E walked about the room as if 
noticing how well or poorly they were perform- 
ing; (c) after the seventh task he said, “Change 
tests quickly, you need the time”; (d) after the 
tenth task he said, “Some of you are taking a lot 
of time on these.” 

Measurement of n Achievement.—The four pic- 
tures projected on a screen before the group to 
elicit imaginative stories for the measurement of 
n Achievement with their usual code designations 
were: (B) two men working in a shop; (H) a boy 
seated at a desk holding his head; (4) the heads 
of two men (TAT 7BM); and (G) boy in fore- 
ground with surgical mural behind (TAT 8BM). 

Stories were scored according to a modifica- 
tion (B) of the original method (A) which cor- 
relates .95 with the original method (16). An 
S’s n-Achievement score represents the frequency 
of imaginative responses (Need, Instrumental 
Acts, Anticipatory Goal States, etc.) indicating 
concern over excellence of performance in his 
stories. Rescore reliability of the n-Achievement 
scores for the 83 Ss was .93. Scores obtained 
from Picture H were eliminated when another 
study run concurrently (3) indicated certain 
inadequacies of the scoring procedures when ap- 
plied to this picture. The scores of Ss on the 
three remaining pictures, B, 4, G, having an esti- 
mated equivalent-form reliability of .56 (3) were 
used in the analysis of results. 

The distribution of n-Achievement scores 
within_each experimental condition was divided 











scores 


vided 
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as near to the median as possible to provide 
comparable high and low n-Achievement groups 
within each condition. The mean n-Achieve- 
ment score of each high group fell between 9 and 
10 and of each low group between 2 and 3. 

Tasks.—Folders containing one set of 20 
paper-and-pencil tasks modeled after Marrow 
(12) and MacKinnon (11) in a prearranged order 
and story blanks for the measurement of n 
Achievement were distributed at the start of 
regularly scheduled class periods. Two versions 
of each task had been constructed. One could 
normally be completed in 75 sec., the time 
allotted for each task; the other was rarely com- 
pleted in that time. 

Two sequences of the 20 tasks were randomly 
determined. Location of 10 short and 10 long 
versions was also randomly determined. Given 
two forms (XA and ZA) alike in location of short 
and long versions but different in sequence of 
tasks, two other forms (XB and ZB) were con- 
structed reversing the location of short and long 
versions. 

Test folders were distributed in such a manner 
that Ss in adjacent seats would be working on 
different tasks at the same time and every S 
would have the experience of being interrupted 
when others near him had finished. Some Ss in 
each section received folders containing only 
short versions of tasks for another purpose not 
reported here. 

The intended four-way classification of Ss 
according to form of the test was precluded by an 
unequal distribution of the four forms among Ss 
having high and low n-Achievement scores. 
Therefore Ss were classified only in terms of the 
location of short and long tasks in the series. 
Forms XA and ZA were combined and will now 
be referred to as Form A, and their combined 
counterparts as Form B. The two forms differ 
in the distribution of short tasks (easy to finish) 
in the four quarters of the sequence of 20 tasks. 
On Form A, the distribution of short tasks was 
3, 3, 3, and 1; on Form B, 2, 2, 2, and 4. A 
fortuitous result of the random placement of 
short and long tasks is a greater number of short 
tasks in the early (1-5) and late (16-20) serial 
positions usually favored in recall on Form B, 
and long tasks in those locations on Form A. 

Subjects —The Ss were 83 male students in 
ten introductory psychology sections at the Uni- 
versity of Michigan in the spring of 1949, distrib- 
uted among experimental conditions as follows: 
Relaxed Orientation, 27; Task Orientation, 32; 
Achievement Orientation, 24. To eliminate any 
effect on recall resulting from great disparities 
between the number of tasks completed and 
interrupted, 17 other Ss who completed fewer 
than 8 or more than 12 tasks were excluded as 
were 9 others who failed to understand directions, 


confused the order of tasks, or complained of 
illness. 

Treatment of recall data.—The Ss were classi- 
fied according to strength of motivation, experi- 
mental condition, and form of the task-test to 
allow systematic control of the three variables 
which might influence recall in analysis of vari- 
ance. Since the number of tasks completed 
varied between 8 and 12, the percentage of tasks 
of each type recalled is the appropriate measure 
of recall. In order to apply analysis of variance, 
each S’s percentage recall was converted to 


angles by the arc sin V percentage transformation 
(21, p. 447). Subclass N’s resulting from the 
triple classification of Ss were not seriously dis- 
proportionate. Analysis of variance by the 
method of proportional subclass numbers was 
accomplished following an adjustment for ex- 
pected N’s (21, p. 295; 10). 


. 


RESULTS 


The mean n-Achievement scores of 
the Relaxed (4.93), Task (5.63), and 
Achievement Orientation conditions 
(5.17) were not significantly different 
(F = .22, df = 2 and 80). Evidently 
the experimental procedures did not 
differ sufficiently to produce over-all 
differences in intensity of motivation 
of the magnitude previously reported 
when stimulating conditions were more 
extreme (14). 

However, the three experimental ori- 
entations did produce differences in 
recall, which are evident when high 
and low n-Achievement groups within 
conditions are separated (Table 1). 
The Zeigarnik effect is represented here 
as the difference between recall of in- 
completions and completions (IR- 
CR). Table 1 shows that both of the 
conflicting trends of earlier studies 
occur when Ss are grouped according 
to the strength of their motivation to 
achieve. The Ss high in n Achieve- 
ment show an increasing tendency to 
recall more incompleted tasks as experi- 
mental instructions increase the prob- 
ability that completion and incomple- 
tion will be perceived as success and 
failure. Just the opposite is true of 
Ss low in n Achievement; the tendency 
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TABLE 1 


Mean Recatt or Incomptetep Tasxs (IR), Comptetep Tasxs (CR), anp DIFFERENCE IN 
ReEcatt or INcOMPLETED AND ComPpLeTeD Tasxs (IR-CR)* 





























High n Achievement Low n Achievement 
Orientation | Form N N 
IR CR | IR-CR IR CR | IR-CR 
Ob- Ex- Ob- 
served | pected** served | pected** 
A 5 5.8 | 43.2 | 41.5 1.7 7 7.9 | 54.0 | 43.3 10.7 
Relaxed B 6 5.6 | 43.8 | 43.0 8 9 7.7 | 48.1 | 41.8 6.3 
A+B] 11 11.4 | 43.5 | 42.3 1.3 16 15.6 | 51.1 | 42.5 8.5 
A 9 6.8 | 49.6 | 40.2 9.4 8 9.4 | 49.4 | 43.3 6.1 
Task B 5 6.7 | 45.9 | 466] —.7 10 9.1 45.4 | 45.1 3 
A+B | 14 13.5 47.8 | 43.4 4.4 18 18.5 | 47.4 | 44.2 3.2 
A 5 5.1 64.7 | 44.1 | 17.6 8 7.0 | 48.4 | 46.1 2.3 
Achievement] B 5 5.0 | 50.4 | 48.8 1.6 6 6.9 | 40.8 | 46.2 | —5.4 
A+B; 10 10.1 57.7 | 46.5} 11.2 14 13.9 | 44.6 | 46.1 | —1.5 






































* Percentage recall of each S was converted to angles by the arc sin Vpercentage transformation (22). 
** Adjusted subclass N's for analysis of variance by the method of proportional subclass numbers (10, 22). 


to recall more incompletions decreases. 
The difference between high and low n- 
Achievement groups in showing the 
Zeigarnik effect is due to diametrically 
opposite trends in recall of incomple- 
tions between Relaxed and Achieve- 
ment Orientation. While both groups 
increase in recall of completions, the 
high n-Achievement group shows an 
even greater increase in recall of incom- 
pletions and the low n-Achievement 
group an almost equally great decrease. 

Tables 2 and 3 provide a basis for 
evaluating the significance of these dif- 
ferences. Table 2 is a summary of 
separate analyses of variance for the 
IR-CR difference, IR, and CR. Table 
3 contains tests of the significance of 
particular differences. 

The Zeigarntk effect (IR-CR).—Dif- 
ferences in Zeigarnik effect attribut- 
able to the interaction of Motivation 
with Orientation and to Form were 
both significant at the 5% level of 
confidence (Table 2). Since neither 
first-order interaction involving Form 
was significant, their sums of squares 
were combined with that of the triple 


interaction term to provide a com- 
bined estimate of error having 5 df. 

The interaction of Motivation with 
Orientation is elaborated in Table 3. 
The Zeigarnik effect of Ss low in n 
Achievement is significantly greater 
under Relaxed Orientation than 
Achievement Orientation, while Ss 
high in n Achievement show a near 
significantly greater Zeigarnik effect 
under Achievement Orientation than 
Relaxed Orientation. The only sig- 
nificant difference between high and 
low n-Achievement groups occurs in 
the Achievement Orientation condi- 
tion where the high n-Achievement 
group shows the greater Zeigarnik 
effect. 

As expected, Form A in which inter- 
rupted tasks were located in serial 
positions favoring recall produced the 
larger over-all Zeigarnik effect; the 
over-all mean IR (not shown in Table 
1) was 51.1 and the CR was 43.1. On 
Form B, the IR was 45.6 and the CR 
was 45.1. 

Recall of incompleted tasks (IR).— 
Table 2 shows that Form and the in- 
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TABLE 2 


‘CE IN ANALYSES OF VARIANCE OF DIFFERENCE IN RECALL oF INCOMPLETED AND CompLeTED TAskS 
(IR-CR), Recatt or Incomptetep Tasxs (IR), anp 
—_———— Recatt or Compitetep Tasxs (CR) 






































pitas IR-CR IR CR 
Source df - 
R-CR Pant F dene F P mn F 
1. Orientation 2 25.72 50.64 95.81 8.89* 
10.7 2. Motivation 1 64.18 43.31 1.82 
63 3. Form 1 1161.99 10.91* 638.86 9.36* 77.43 
85 4.Mx0 2 620.34 5.83* 662.98 9.72* 2.21 
ar 5. MXF 1 71.66 68 85.98 67.13** 
61 6. F x0 2 | 146.05 103.35 28.84 | 22.52% 
3 7.MXF x0 2 | 84.34 66.90 1.28 
3.2 Combined Error 
Rit nell (5, 6, 7 5 106.49 68.24 — 
23 (4, 6, 7) 6]; — _ 10.78 
~5.4 
—1.5 * p <.05 using the combined error term. 
* » <.05 using the triple interaction term. 
, 22). teraction of Motivation with Orienta- estimate. Table 3 shows that under 
tion also contribute significantly tothe Achievement Orientation, the high n- 
com- 


7 variance in recall of incompleted Achievement group recalls signifi- 
if. tasks. The first-order interactionsin- cantly more incompleted tasks than 
volving Form were again combined the low n-Achievement group. The 

















le 3 with the triple interaction as an error high n-Achievement group’s recall of 
in n 
— TABLE 3 
than 
e Ss Sicniricance or Particurar Dirrerences Suown 1n Taste 1 
near 
offect Comparison = aiff. t ? 
than 
, sige IR-CR 
Relaxed to Achievement Orient. 
and High n Achievement 9.96 4.46* 2.23 .10 
rs in Low n Achievement —10.02 3.81 2.63 05 
ondi- High vs. low n Achievement 
under Achievement Orient. 12.71 4.27 2.98 05 
ment 
i IR 
arnik Relaxed to Achievement Orient. 
, High n Achievement 14.16 3.57 3.97 02 
nter- Low n Achievement —6.41 3.05 2.10 .10 
serial Task to Achievement Orient. 
High n Achievement 9.85 3.44 2.87 05 
d the High vs. low n Achievement 
- the under Achievement Orient. 13.02 3.41 3.81 02 
Table under Relaxed Orient. —7.55 3.22 2.35 .10 
On CR 
e CR Relaxed to Achievement Orient. 
High n Achievement 4.20 1.42 2.96 05 
R) Low n Achievement 300 1.21 2.98 05 

















1e in- * The caszs. and df are derived from the error term of the appropriate analysis of variance. 
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incompletions is significantly greater 
under Achievement Orientation than 
under Relaxed or Task Orientation. 
Under Relaxed Orientation, the low 
n-Achievement group recalls near sig- 
nificantly more incompleted tasks 
than comparable Ss under Achieve- 
ment Orientation and near signifi- 
cantly more incompletions than the 
high n-Achievement group under the 
same relaxed instructions. 

Recall of completed tasks (CR).— 
Differences in recall of completed tasks 
attributable to the experimental ori- 
entations are significant at the 5% 
level of confidence*® and there is no 
interaction of Motivation with Orien- 
tation in this case (Table 2). Table 3 
shows that both high and low n- 
Achievement groups increase signifi- 
cantly in recall of completed tasks 
from Relaxed to Achievement Orien- 
tation. And Table | shows that there 
is not even a suggestion of a difference 
between the two motivation groups 
under any experimental condition. 

The meaning of the significant inter- 
action of Motivation with Form may 
be quickly summarized. Even though 
the short, completable tasks were 
located in relatively unfavorable serial 
positions for recall on Form A, Ss low 
in n Achievement recalled as many 
completions (across orientations) on 
Form A, 44.1, as on Form B, 44.3. 
The high n-Achievement group, how- 
ever, showed the expected difference 
between forms; their CR on Form A 
was 41.8 and on Form B, 46.1. The 


3 Actually, differences due to Orientation are 
not significant when tested against the Form with 
Orientation interaction term alone. With only 
2 df in the error term, differences due to Form 
with Orientation are sufficiently large to preclude 
the possibility of revealing over-all differences 
due to Orientation. However, when all inter- 
actions involving Orientation are combined pro- 
viding an error term having 6 df, the differences 
between orientations are found to be significant 
at the 5% level of confidence. 
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Form with Orientation interaction was 
the result of a greater increase in CR 
between Relaxed and Achievement 
Orientation on Form B (5.0) than on 
Form A (2.8). 


Discussion 


A study of the relationship of n 
Achievement to thresholds for recogni- 
tion of success and failure words by 
McClelland and Liberman (15) first sug- 
gested that while high n-Achievement 
scores indicated a positive disposition to 
excel, lower n-Achievement scores may 
imply something more than indifference 
or lack of positive motivation to achieve. 
Their data allow the inference that per- 
sons high in n Achievement are predomi- 
nantly success-oriented and have as their 
goal the feeling of satisfaction accom- 
panying personal accomplishment while 
persons lower in n Achievement are more 
concerned with avoiding feelings of fail- 
ure. This inference provides a basis for 
interpreting the distinctly opposite trends 
in recall of Ss classified high and low in n 
Achievement. 

The most clear-cut differences in recall 
between high and low n-Achievement 
groups occur in the Achievement Orien- 
tation condition, where the probability 
that completion would be perceived as 
evidence of personal accomplishment (or 
success) and incompletion as failure was 
maximized. The greater recall of incom- 
pletions and greater Zeigarnik effect by 
the high n-Achievement group are con- 
sistent with the theoretical expectations 
and empirical findings of both Zeigarnik 
(22) and Marrow (12, 13): the greater 
the motivation to complete the tasks, the 
greater the relative recall of incompleted 
tasks. 

The recall trends of the high n-Achieve- 
ment group from Relaxed to Task to 
Achievement Orientation are also con- 
sistent with the findings of Zeigarnik and 
Marrow. When the situation is deliber- 
ately designed to decrease perception of 
performance on the tasks as instrumental 
to the goal of personal accomplishment 
(Relaxed Orientation), Ss high in n 
Achievement recall only slightly more 
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incompletions than completions, and rela- 
tively few of either compared to their 
significantly greater recall when success 
and failure are at stake (Achievement 
Orientation). This resembles the behav- 
ior of Zeigarnik’s “disinterested” Ss who 
failed to show any preference in recall. 
We may take this to mean that motiva- 
tion to achieve was not engaged by the 
“relaxed” instructions and that other 
possible motives, e.g., a feeling of obliga- 
tion to E, intrinsic interest in the tasks 
themselves, etc. (22, p. 303), were insuffi- 
cient to produce persistent striving 
towards completion. However, as the 
perception of completion as success and 
incompletion as failure is favored by 
task- and achievement-orienting instruc- 
tions, the achievement motive is appar- 
ently increasingly engaged. Both the 
recall of incompletions and completions 
and the Zeigarnik effect increase from 
Relaxed to Task to Achievement Orien- 
tation for the high n-Achievement Ss— 
essentially Marrow’s finding. 

The Ss low in n Achievement show 
just the opposite trend in selective recall, 
the so-called defensive or anxiety-reduc- 
ing trend. As instructions increase the 
probability that completion will be per- 
ceived as success, and what is apparently 
more important to them, that incomple- 
tion will be perceived as failure, there is 
an increase in recall of completions, the 
predominant trend appearing in Rosen- 
zweig’s group data (17); and a decrease in 
recall of incompletions, a trend accentu- 
ated in Glixman’s group data (8). Both 
trends were reported by Lewis and 
Franklin (9). The decreasing tendency of 
Ss low in n Achievement to recall incom- 
pletions suggests that they are increas- 
ingly motivated by an unmeasured fear 
of failure. 

Thus when recall of incompleted tasks 
is viewed as instrumental behavior, the 
traditional interpretation of the Zeigarnik 
effect, the differences in recall trends 
reported for high and low n-Achievement 
groups support the hypothesis that in 
achievement situations their goals differ. 
When the goal is to experience feelings of 
success and personal accomplishment, 
then persistence of the interrupted activ- 


ity in recall and subsequent resumption 
of it are instrumental to attainment of 
that goal. When, however, the goal is to 
avoid feelings of failure, non-recall of past 
failures and presumably non-resumption 
of previously failed activities are instru- 
mental to the avoidance of renewed feel- 
ings of failure. 

Interaction of perception and motiva- 
tion.—This interpretation leans heavily 
on an assumption that the achievement 
motive measured in imaginative behav- 
ior becomes a determinant of overt striv- 
ing only to the extent that a particular 
performance is perceived as instrumental 
to the goal of personal accomplishment. 
The achievement motive is viewed as a 
latent characteristic of personality which 
is manifested in behavior only when 
engaged or supported by appropriate 
environmental cues. This is the assump- 
tion commonly made by learning the- 
orists: environmental cues signify the 
occasion for the performance of previously 
learned instrumental acts (6, p. 32). A 
hungry man is more likely to reach for, 
pick up, and chew an object on a table at 
which he is sitting if the object happens 
to be a sandwich than if it happens to be 
an ashtray. 

If instructions that the tasks measure 
an attribute of personal competence 
engage achievement motivation to a 
greater degree than instructions designed 
to deny the importance of the tasks, then 
there should be evidence that Ss worked 
harder in response to the former. An 
independent estimate of how hard Ss 
were working on the tasks is the number 
of tasks completed. 

The expected increase in mean number 
of completions between the Relaxed and 
Achievement Orientation conditions oc- 
curred for both high and low n-Achieve- 
ment groups. The smallest mean number 
of tasks completed (8.91) was that of the 
high n-Achievement group under Relaxed 
Orientation, supporting the hypothesis 
based on the absence of Zeigarnik effect 
in their recall, that they were relatively 
disinterested. The mean number of com- 
pletions increased to 10.00 under Task 
and further to 10.60 under Achievement 
Orientation in a manner consistent with 
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the assumption that achievement moti- 
vation was increasingly engaged by these 
instructions. 

The mean number of completions of 
the low n-Achievement group increased 
from 9.56 under Relaxed Orientation to 
9.61 under Task Orientation to 10.14 
under Achievement Orientation. Under 
Task and Achievement Orientation, when 
the achievement motive had been en- 
gaged, the number of completions was 
greater for the high n-Achievement group, 
reflecting their stronger motivation. In 
general, the hypothesized interaction of 
perception and motivation in the deter- 
mination of instrumental striving is sup- 
ported by analysis of performance data. 

But an important question remains: 
why did the low n-Achievement group 
complete more tasks, recall more incom- 
pletions, and show a greater Zeigarnik 
effect than the high n-Achievement group 
under Relaxed Orientation? The facts 
imply that the low n-Achievement group 
was more motivated to complete the 
tasks than the high n-Achievement group 
in this condition and furthermore, that 
they were apparently unconcerned about 
failure. The assumption that the relaxed 
instructions minimized the probability of 
completion and incompletion being per- 
ceived as success and failure does not 
rule out the possibility that the relaxed 
instructions might have engaged some 
other motive more characteristic of per- 
sons in the low than the high n-Achieve- 
ment group. There is a reason for think- 
ing that this might have been the case. 
Zeigarnik observed that, in addition to 
personal ambition, a feeling of obligation 
to E and intrinsic interest in the tasks 
were often motives to complete the tasks. 
A recent study by R. Brown (4) has 
shown that persons in the middle and low 
thirds of the n-Achievement score distri- 
bution obtain higher scores on the F 
Scale measure of authoritarian per- 
sonality than persons in the upper 
third on n Achievement. While the re- 
laxed instruction de-emphasized personal 
achievement, it did urge cooperation and 
suggested that E would be pleased if Ss 
complied with his instructions. There is, 
in other words, some basis for thinking 
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that the instruction which produced in- 
difference in the high n-Achievement 
group might have engaged more motiva- 
tion to comply in the low n-Achievement 
group. 

Reconciliation of conflicting results.— 
Can we account for the comparability of 
the trends of Ss high in n Achievement 
with the group results reported by Mar- 
row (12, 13) and the diametrically oppo- 
site trends of Ss low in n Achievement 
with the group results of Rosenzweig 
(17), Lewis and Franklin (9), and Glix- 
man (8)? Were there no evidence that 
Marrow’s Ss as a group were more highly 
motivated to achieve than those of the 
other three studies, the present findings 
would be little more than suggestive. 
But in light of the implications of high 
and low n-Achievement scores discussed 
earlier, there is evidence to support the 
the argument. Marrow’s Ss were all 
volunteers; Ss in the other studies were 
not. Marrow makes a point of mention- 
ing that “‘no pressure was exerted to 
compel attendance . . . to insure a co- 
operative attitude towards the work” 
(12, p. 16). Glixman’s Ss, on the other 
hand, were all “draftees”; his Ss, mem- 
bers of an introductory course, “‘were told 
by the instructor that they were expected 
to devote a two-hour period to depart- 
mental research.” In addition, the in- 
structor called off the names of Ss who 
were to participate each day “to lend 
prestige to the calling of Ss” and dis- 
courage “bias of sampling which is pos- 
sible when Ss volunteer” (8, p. 228). 
Subjects in Rosenzweig’s “informal 
group” were employed while those in his 
“formal group” were “enlisted from the 
freshman student advisees responsible to 
the director of the clinic and were person- 
ally invited by him” (17, p. 65). Lewis 
and Franklin’s (9) Ss were apparently 
unaware that they were taking part in an 
experiment, having been asked individu- 
ally merely to help out with some work 
that had to be done. 

If persons low in n Achievement are 
concerned with avoiding failure, it is 
unlikely that they would voluntarily place 
themselves in a test situation in which 
they might fail. On the other hand, an 
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appeal for volunteers to take part in some 
kind of testing could be viewed as a 
challenge by the person highly motivated 
to achieve. For him, volunteering is a 
goal-directed instrumental act. So the 
suggestion for reconciling the gross con- 
tradiction between the trend in selective 
recall reported by Marrow and those of 
the other studies considered becomes a 
hypothesis subject to experimental veri- 
fication: Ss who volunteer are charac- 
teristically more highly motivated to 
achieve than a group of randomly selected 
or drafted Ss. 

Since both increases and decreases in 
recall of interrupted tasks occur with 
changes in experimental instructions 
when Ss are classified according to 
strength of motivation to achieve, there 
can be little hope of reconciling many of 
the other inconsistencies in experiments 
with no basis for estimating the motiva- 
tion of particular Ss. However, the 
promise of the measure of n Achievement 
for extended theoretical integration of 
studies utilizing the interruption-of-tasks 
method is indicated when the results of 
Cartwright’s study (5) of the effect of 
interruption, success, and failure on at- 
tractiveness of activities are considered 
in light of present findings. His experi- 
mental condition was comparable to the 
Achievement Orientation of the present 
investigation. Spontaneous remarks fol- 
lowing interruption and interviews after 
the experiment revealed that Ss who 
raised their attractiveness ratings of tasks 
following interruption and failure antici- 
pated success at the time of interruption 
or viewed failure as a temporary obstacle 
to be overcome by subsequent success on 
the same activity. Cartwright suggests 
that for these Ss “it is possible that one 
could speak of a ‘need for success’”’ (5, 
p. 12). Those who reported anticipating 
failure at the time of interruption or 
viewed interruption “‘as an escape from 
certain failure” (5, p. 5) more often 
decreased attractiveness ratings follow- 
ing interruption or failure. 

A simple experiment run by the author 
confirms the expectation that the differ- 
ences noted by Cartwright could be 
attributed to differences in n Achieve- 


ment. Nineteen Ss performed the same 
tasks used in the present experiment 
under achievement-orienting instructions 
and were interrupted on half of them. 
They were then asked to look through 
a test booklet similar to the one they had 
worked on and choose the five tasks they 
liked the best. Only one of ten Ss low in 
n Achievement chose more incompletions 
than completions; five of nine Ss high in 
n Achievement chose more incompletions 
than completions. The predicted differ- 
ence between the groups is significant at 
the 5% level of confidence. 


SUMMARY 


The interruption-of-tasks experiment was per- 
formed with male college students under three 
different experimental instructions presumed to 
vary the probability that Ss would perceive com- 
pletion as evidence of personal accomplishment 
(or success) and incompletion as failure. The 
Ss in each experimental condition were classified 
high or low in motivation to achieve on the 
basis of a thematic apperception measure of n 
Achievement. 

When instructions clearly signified that com- 
pletion meant success and incompletion meant 
failure, Ss high in n Achievement recalled more 
incompleted tasks and showed a greater Zeigarnik 
effect than Ss low in n Achievement. Recall of 
incompletions and the tendency to show the 
Zeigarnik effect increased for Ss high in n 
Achievement as instructions increased the prob- 
ability that completion and incompletion would 
be perceived as success and failure. Just 
the opposite trend occurred for Ss low in 
n Achievement. 

Results are consistent with a hypothesis 
advanced by McClelland and Liberman that n 
Achievement is essentially positive motivation to 
experience feelings of accomplishment and suc- 
cess and that lower n-Achievement scores imply 
relatively greater anxiety about failure. In addi- 
tion, results were interpreted to mean that the 
n-Achievement score obtained from thematic 
apperception stories is an estimate of the strength 
of latent achievement motivation which is mani- 
fested in overt striving to the extent that it is 
engaged by appropriate environmental cues. 

A basis is proposed for reconciling the appar- 
ently contradictory implications among several 
earlier studies concerning the relation of Zeigar- 
nik effect to strength of motivation to achieve, 
and a subsidiary experiment on attractiveness of 
interrupted tasks is reported to show the value of 
an independent measure of individual differences 
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in n Achievement for theoretical integration of 
experiments using the interruption procedure. 
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ESTABLISHMENT OF AN AVOIDANCE GRADIENT UNDER 
LATENT-LEARNING CONDITIONS! 


EDWARD R. STRAIN 
Columbus Receiving Hospital, The Ohio State University 


The context of the present experi- 
ment lies in a more comprehensive 
experimental analysis of the different 
kinds of mechanisms mediating the 
behavioral phenomena rather globally 
grouped together as transfer of learn- 
ing. Advances in our understanding 
of the problems within this area depend 
upon a more differentiated conceptual 
specification of the properties of the 
structural aspects underlying learned 
modifications of behavior (memory 
traces, habits, cognitive structures), 
the learning conditions upon which 
they are functionally dependent, and 
upon increasingly precise formulations 
of the principles relating these to the 
characteristics of nonidentical per- 
formance situations. Such principles 
may vary in the degree of directness 
of the relationship required between 
learning and performance situations 
(from the relatively direct relationship 
denoted by primary stimulus generali- 
zation or transposition to the less 
direct relationships involved in second- 
ary stimulus generalization or the role 
of the fractional anticipatory goal 
reaction). The specific mechanisms 
proposed vary also with respect to the 
essentiality of the role of peripheral 
responses as contrasted with the oper- 
ation of purely central mechanisms. 

It was the purpose of the present 
experiment to investigate the occur- 


1 The writer wishes to acknowledge his indebt- 
edness to Professor Karl Zener of Duke Univer- 
sity who directed the research herein reported. 
The dissertation which this paper reports was 
submitted in partial fulfillment of the require- 
ments for the Ph.D. degree. It was awarded the 
1952 Sigma Xi prize by the Duke University 
Chapter of Sigma Xi. 


rence of transfer of avoidance learning 
under conditions which should yield 
predicted effects according to a mech- 
anism of transfer suggested by current 
cognitive theories of learning and 
which preclude the operation of pos- 
sible alternative mechanisms. 

Although the mechanism to be 
tested is not put forward as a novel 
one, it is desirable in the interest of 
clarity to state as explicitly as is pos- 
sible at present the basic assumptions 
from which the predicted results have 
been derived and which underlie the 
design of the experiment. The follow- 
ing assumptions are here accepted as a 
basis for exploring their consequences 
and are not subjected directly to exper- 
imental test. 


1. The occurrence of behavior in a given situ- 
ation will result in a complex of memory traces 
corresponding to the characteristics of the situa- 
tion perceived during the behavior. (An animal 
explores freely without primary reinforcement a 
compartmentalized runway; later it receives sev- 
eral shocks in one of these compartments without 
having entered it from another compartment or 
escaping from it into another compartment.) 

2. A sequence of perceptually discriminable 
situations will result in a functionally interre- 
lated system of such memory trace complexes. 

3. Later perception of part of a given situa- 
tion or one of a sequence of situations will tend 
to activate the total complex of memory traces 
or sequences of such earlier established. (This 
assumption differs from the assumption that the 
activation of such traces is mediated via an inter- 
polated common [anticipatory ] response.) 

4. Activation of such serialmemory traces may 
include memory trace complexes not originally 
established in the same temporal sequence of 
activity, provided that both sequences have an 
identical or similar memory trace unit in common. 

5. The effect upon behavior of the nonpercep- 
tual activation of a memory trace unit (expec- 
tation) is similar (in ways to be more precisely 
defined by future experimentation) to the be- 
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havior which would occur to the perception of 
the situation in which the memory trace was 
originally established. (The introduction of an 
animal into a compartment, other than the one in 
which shock was experienced, will result in avoid- 
ance of the shock compartment without the ani- 
mal’s perceiving it.) 

6. It is further assumed (and this is the only 
novel assumption made) that the degree of 
directness of the functional connections between 
the units of the trace system is a determinant of 
the probability of activation of the given mem- 
ory trace, and of the strength of its effect upon 
present behavior. (The magnitude of the effect 
will be an inverse function of the number of 
actual intervening compartments of the runway 
between the shock compartment and the com- 
partment into which the animal is introduced.) 


The present experiment consists, 
then, in an attempt (a) to realize con- 
cretely, as indicated schematically in 
the parenthetic clauses above, the 
essential conditions specified in the 
set of assumptions as sufficient to 
mediate transfer of learning; (b) to do 
this under conditions precluding ex- 
planation of the predicted transfer on 
the basis of alternative transfer mech- 
anisms; and (c) to investigate the 
functional effect of variation in direct- 
ness of memory trace connections as a 
condition of magnitude of transfer 
effect. 

METHOD 
Apparatus 


Runway.—The runway used in the experiment 
was an elongated wooden alley divided by swing- 
ing doors into six equal-sized, removable com- 
partments. The compartments, constructed of 
4-in. wood, were (internal dimensions) 17 in. 
long, 5 in. wide, and 5 in. high. They differed in 
their visual properties by variations in (a) the 
painted patterns on their sides, (b) the floor con- 
struction, and (c) designs on the swinging doors. 
The runway was constructed so that the four 
inside compartments could be shifted in position 
within the sequence, the compartments being 
stabilized by braces. These were systematically 
shifted in order to achieve equality in the average 
degree of stimulus similarity between the end 
compartment in which shock was administered 
and each compartment step. By “compartment 
step” is meant the position of any of the four 
inside compartments in relation to the shock 
compartment, and is to be distinguished from the 
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designation of the actual compartments them- 
selves. The actual compartments were labeled 
“shock compartment” (end compartment), A, 
B, C, D (middle compartments), and “neutral 
compartment” (opposite end compartment). 
Regardless of the changes introduced by shifting 
the four middle compartments, the compartment 
constituting one end of the runway will hereafter 
be designated as “shock compartment,” the adja- 
cent compartments in order I, II, III, IV, and 
“neutral compartment.” ‘Thus, the first com- 
partment step means the position next to the 
“shock compartment,” etc. 

One side of each swinging door, separating the 
compartments, was white and the other black, 
and the doors were ordered in the runway so that 
a compartment’s two doors were either both 
white or both black. A surgical rubber strip 
along the door sides insured a tight fit. The 
top of each compartment was a ground-glass 
plate, sliding on wooden runners and movable in 
either direction across the width of the compart- 
ment. The glass was translucent; it prevented 
S from perceiving extracompartment contours 
while (because S was only 1 to 2 in. below it) 
permitting £ to observe its behavior. 

Although the compartments were designed to 
be readily discriminable, an effort was made to 
keep any one from being perceptually outstand- 
ing. The sides of each were painted in different 
black and white patterns which, however, pro- 
vided no directional cues, and the floor of each 
consisted of brass-covered wooden sections vary- 
ing in width and pattern. The door designs, 
which provided Ss directional cues in getting to 
other compartments, were of different shapes. 

Twelve differing door designs approximately 
1} in. in size were constructed of adhesive tape 
to make them transferable. A pair was assigned 
to each compartment step and remained in that 
relative position regardless of the actual com- 
partment location. A design also was placed on 
the interior of each end compartment door. 
Since the door designs were the only directional 
cues provided, uniformity of discrimination was 
insured by using a standard pair (for both train- 
ing and test trials) in the compartment into 
which S was introduced. These standard de- 
signs, a circle and a Greek cross, replaced those 
otherwise assigned to that compartment step. 
Possible preferences between these two designs 
were neutralized by placing the cross on the door 
leading toward the shock compartment for half 
of the Ss in each group, and the circle for the 
other half. 

Shock compartment.—In order to eliminate 
any olfactory cues from shock administration, 
the shock compartment was replaced on the 
shock trial by a duplicate compartment (with an 
escape-proof door), which in turn was replaced 
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by the original for the test trial. Alternating 
current of 110 v. at 60 cycles passed through five 
15,000-ohm resistors connected in series to six 
brass strips (4 in. wide) that ran lengthwise and 
formed the compartment floor. The arrange- 
ment made it impossible for S to escape the 
electric shock by standing or crouching. 

Experimental room.—The experiment was con- 
ducted in a dual chambered room. The runway 
was located in the inner, relatively soundproof 
chamber, and E£ observed Ss from the outer dark- 
ened observation chamber. In addition, further 
precautions were taken to control extrarunway 
cues by constructing a smaller area immediately 
surrounding the runway. Two layers of white 
sheeting were stretched from wall to wall, form- 
ing an artificial ceiling 7 ft. above the floor and 
about 11 ft. long. At each end sheeting was 
hung to within 2 ft. of the floor, with a slit in one 
end allowing for access to the experimental 
region so formed. Sheeting also was hung along 
the side walls. Over the partition wall a dull 
gray screening was placed to obscure the small 
remaining part of the observation windows. 

To achieve a uniform brightness, three 100-w. 
lights were equally spaced above the artificial 
ceiling; these were shielded from below to reflect 
the light from the chamber ceiling. Further 
diffusion was obtained by the cloth layers form- 
ing the artificial ceiling. At each end, two lights 
were placed on either side so that the lighting 
intensity of the ends approximated that of the 
ceiling. 


Subjects and Experimental Groups 


The Ss were male albino rats procured from 
the Albino Farm Colony as required during the 
experiment. The ages at the beginning of the 
experimental procedure were approximately 140 
days. The Ss were kept in individual cages in 
the colony room. 

The major variable, as indicated in the prob- 
lem formulation, was the number of compart- 
ments intervening between the shock compart- 
ment and the compartment into which S was 
introduced on test. Twenty Ss served in each 
of four experimental groups. All Ss of Group I 
were introduced into Compartment I, the com- 
partment adjoining the shock compartment. 
The Ss of Groups II, III, and IV were introduced 
into Compartments II, III, and IV respectively. 

Rats were run in batches of approximately 20 
Ss, each batch divided randomly among the four 
experimental groups in the attempt to secure 
equal representation of each group in each batch. 
Because some Ss were eliminated after the fourth 
training trial (see Runway training Trials 1-6) 
equal representation of all four groups at each 
test trial was not always possible. Also five Ss 


which did not leave the compartments into which 
they were introduced on test were discarded, 
since the relevant comparisons involved direc- 
tions of actual exit. Each group had at least 
one § that behaved in this way. It was thus 
necessary to run an additional experimental batch 
to make up for these discarded Ss. 


Procedure 


Handling and feeding.—The Ss were handled 
for seven days before the beginning of the experi- 
ment. This was done for a few minutes just 
preceding the feeding period which was on a 24- 
hr. schedule. This 24-hr. feeding rhythm con- 
tinued throughout the experiment. The food 
was a moist mixture of Purina Dog Chow mash 
and water. Approximately 65 gm. of this mix- 
ture were available to each S every 24 hr. fora 
l-hr. period. A yeast tablet was given after 
feeding, and water was present in the cages at all 
times. 

Runway training Trials 1-6.—Daily for five 
days following the seventh day of the feeding 
rhythm each S, at 21-24 hr. of food deprivation, 
was given one training trial consisting of 300 
sec. of free exploration of the runway. On the 
sixth day (on which final training, shocking, and 
testing occurred), the free exploration period was 
limited to 150 sec. in order to equalize the dura- 
tion of final training and test trials. 

In order to control as many cues as possible, 
considerable attention was given to the method 
of bringing Ss into the experimental region, intro- 
ducing them into the runway and removing them 
from it. The Ss were carried individually into 
and out of the region in a cage covered with a 
large black cloth. When introducing S into a 
compartment, all of the glass covers of the 
remaining compartments were closed. The S 
was introduced quickly into the open compart- 
ment and the glass top closed rapidly. During 
this operation, as well as during removal, there 
was a period of about 2 sec. when S was exposed 
to the experimental region. The £ always stood 
on the same side of the table for introduction and 
on the opposite side for removal. 

Following the training trials, S was detained 
in a neutral cage in the observation chamber for 
about 10 min. This was done to minimize any 
reward value provided by association of removal 
from the runway with return to the home cage. 

In order to insure an adequate background of 
runway learning for all Ss at time of test, Ss that 
were not moving into all the compartments by 
the fourth training trial were eliminated. On 
this basis 64 Ss were rejected during experi- 
mentation. 

Shock trial—After the sixth training trial S 
was kept in a neutral cage in the observation 
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chamber for 5 min. Then it was put directly 
into the duplicate shock compartment, and a 3- 
sec. shock was administered after 30 sec. A 
second 3-sec. shock followed after another 30 
sec. Within 5-10 sec. S was removed to a neu- 
tral cage and taken to the observation chamber 
where it remained until tested approximately 15 
min. later. On the shock trial the runway had 
the same orientation with respect to the room as 
on the sixth training trial (information regarding 
runway rotation in Other controls). About mid- 
way through the detention period S was picked 
up and put into a duplicate neutral cage to lessen 
any tendency to avoid E’s hand. 

Testing.—Following the 15-min. period after 
the shock trial, S was introduced into the same 
compartment into which it had been consistently 
introduced during training. It was left in the 
runway for 150 sec. and its behavior recorded. 

Other controls.—In addition to the precautions 
taken to minimize the presence of extrarunway 
cues, the following procedural controls were 
included in the experimental design. (a) To 
avoid the possibility of consistent association of 
the shock compartment with one end of the room, 
the runway direction was reversed for each 
training trial. (5) In each group, one-half of the 
Ss were introduced facing one direction and the 
other half toward the opposite, on the initial 
training trial. To control the possibility of Ss’ 
developing a tendency to run toward one end 
compartment, each S’s orientation on introduc- 
tion was regularly reversed from day to day dur- 
ing the training trials. (c) For one-half of each 
group, the runway position was reversed after the 
shock trial, and the test trial orientation was 
opposite that of the last training trial. These Ss 
are referred to as the “different” class, in contrast 
to the “same” class for which the runway re- 
mained in the same orientation and whose orien- 
tation on introduction was the same for the test 
trial as for the sixth training trial. 

Behavior record.—During the training trials 
and the test trial the time spent in each compart- 
ment was entered on a data sheet which was 
constructed to allow £E to record the time Ss 
spent in each compartment in a pattern which 
represented their movements while in the run- 
way. Recorded behavior consisted of the pri- 
mary index of avoidance, i.e., the initial direction 
of exit from the compartment into which S was 
introduced on test. In addition, latency of exit 
from this compartment, number of compart- 
ments initially traversed before reversal of direc- 
tion, the cumulative time in each compartment 
during the 150 sec., and frequency of intercom- 
partment movements were recorded or computed. 
On shock and test trials, an assistant recorded 
such additional behavior as urination and defe- 
cation, conflict indices such as approach-with- 
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drawals at compartment doors, and dashing or 
hunching activities. 


RESULTS 


The most direct deduction from the 
initial assumptions with regard to 
behavior occurring in the single com- 
partment in which Ss were introduced 
on test concerns changes in the propor- 
tion of direction of exit toward or 
away from the shock compartment. 
According to Assumption 5, this 
change should correspond to the be- 
havior which would occur at the actual 
perception of the shock compartment. 

Evidence of transfer of avoidance be- 
havior within the compartment into 
which introduced on test—The data 
concerning initial direction of exit 
from the test compartment is given 
for the four experimental groups in 
Table 1. As measured by a t test, the 
proportion of Ss initially leaving the 
compartment in the direction away 
from the shock compartment (53 out 
of 80) is statistically significant at the 
1% level of confidence. This is con- 
sistent with the derivation from the 
assumptions. 

Evaluation of the possible effects of 
extrarunway cues.—Before it can be 
concluded that these transfer effects 
resulted from the operation of the 
mechanism suggested in the problem 
formulation, the possible operation of 


TABLE 1 


Proportion oF Ss Gornc INITIALLY TOWARD 
Suock CoMPARTMENT OR NEUTRAL 
CoMPARTMENT ON TEST 














Group N 7 i t 
I 20 3 17 3.12* 
II 20 6 14 1.78 
III 20 6 14 1.78 
IV 20 12 8 0.89 
Total 80 27 53 2.89* 

















* Significant at the 1% level of confidence. 








WARD 














AVOIDANCE GRADIENT 395 


any external cues which, despite the 
experimental precautions, might have 
served to mediate transfer through 
primary stimulus generalization must 
be examined. It is unlikely that any 
such cues were perceptually operative 
at the time of initial exit from the 
compartment (i.e., after S’s introduc- 
tion and the closure of the compart- 
ment top), but cues, if present, might 
have persisted briefly in stimulus-trace 
form. A check on this hypothesis is 
provided by the experimental proce- 
dure earlier described of reversing the 
orientation of the runway, with respect 
to the room, between the shock and 
the test trials for half of the Ss. In 
this “different” class the position of 
the runway was reversed and the 
orientation of Ss when introduced into 
the compartments was the same with 
respect to the room on both the sixth 
training trial and the test trial, but 
the position of the runway had shifted. 
Animals responding on the basis of 
room orientation cues would tend to 
leave the compartments in the actual 
direction of the shock compartment. 
The results for the “same” and “‘differ- 
ent” (latter figures in parentheses) 
classes, respectively, are as follows: 8 
(9) of the Ss in Group I, 7 (7) in 
Group II, 5 (9) in Group III, and 6 
(2) in Group IV initially went toward 
the neutral compartment. The rota- 
tion of the runway after the shock 


trial had, thus, no consistent effect on 


the tendency of Ss to avoid going in 
the direction of the shock compart- 
ment. This supports the assumption 
that orientation with respect to the 
room did not noticeably determine 
initial exit behavior. 

Despite efforts to secure a uniformly 
illuminated runway, a theoretical pos- 
sibility existed that the end compart- 
ments, because of their being closer to 
the illuminated end of the experimen- 
tal region, might have been slightly 


more illuminated than the middle. A 
check on any such effect is provided 
by grouping together the data on 
direction of initial exit from Groups I 
and II and from Groups III and IV. 
Of the Ss comprising Groups I and II, 
31 of 40 went initially toward the 
neutral compartment (i.e., toward the 
middle of the runway), and of the Ss 
comprising Groups III and IV, only 
18 of 40 went toward the shock com- 
partment (i.e., toward the middle of 
the runway). ‘These two proportions 
differ significantly (¢ = 3.64, p = .01) 
which indicates that these groups of 
Ss did not respond to the shock com- 
partment and the neutral compart- 
mentinthesame manner. Thus, this 
second explanation of the results ob- 
tained may be rejected. 

Direction of exit as a function of the 
number of compartment steps removed 
from the shock compartment.—The ex- 
perimental condition corresponding to 
the inferred variable of functional 
indirectness of memory trace connec- 
tion consisted in the number of com- 
partments between the shock compart- 
ment and the compartment into which 
S was introduced. As may be seen 
from Table 1, exits in the direction 
away from the shock compartment are 
relatively greatest from Compartment 
I and decrease to a chance level at 
Compartment IV. This is consistent 
with Assumption 6. The proportion 
of Ss initially going toward the neutral 
compartment in Group I is signifi- 
cantly different from chance at the .01 
level of confidence. Tests of signifi- 
cance of the other three groups taken 
individually do not yield significant 
differences. 

The data were analyzed to ascertain 
the relationship between initial exit 
behavior and Ss’ orientation on 
being placed in the compartments. 
During the last three trials, 78% left 
the compartments in the direction 
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they were faced. If this tendency 
had operated with equal effectiveness 
at test, it would tend to equalize the 
exits in each direction. Thus, the 
significance of the differential direc- 
tional behavior obtained is obviously 
enhanced. 

Behavior before exit from initial com- 
partment.—The mean time in seconds 
spent by Ss in the compartments be- 
fore initial exit on both the sixth train- 
ing trial and the test trial is given in 
Fig. 1. On the test trial, Ss spent 
more time in the introductory com- 
partments than on the sixth training 
trial; perhaps this is due in part to a 
general depressive effect of electric 
shock. The lack of differentiation in 
latency can be attributed to primary 
stimulus generalization since the gen- 
eral structural features of the shock 
compartment were also components of 
Compartments I, II, III, and IV. 

Conflict behavior, defined as ap- 
proaches and withdrawals at both com- 
partment doors and head turnings, 
with either or both occurring before 
initial exit on test, was observed with 
almost equal frequency in all four 
groups: 13 Ss in Group I, 15 in Group 
II, and 14 each in Groups III and IV. 


Frequency of urination and defecation 
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was not significantly different among 
the four groups. 

Behavior after exit from initial com- 
partment.—The number of Ss of all 
groups reaching the shock compart- 
ment and the neutral compartment 
after leaving the compartments into 
which they were introduced is shown 
in Table 2. On the sixth training trial 
69 of 80 Ss went directly to these com- 
partments following initial exit (33 to 
shock compartment and 36 to neutral 
compartment). On the test trial only 
nine Ss went directly into the shock 
compartment before reversal of direc- 
tion. This indicated avoidance of the 
shock compartment although no cor- 
responding change is noted in Ss’ going 
into the neutral compartment on this 
trial. This evidence indicates that 
many Ss going initially toward the 
shock compartment on the test trial 
reversed direction before  receiv- 
ing a direct perceptual cue of this 
compartment. 

Distribution of behavior by compart- 
ments.—The percentages of each group 
of Ss entering the six compartments 
during the sixth training trial and test 
trial are given in Table 3. Differences 
in the percentages between these two 
trials indicate that Ss avoided going 
toward and into the shock compart- 
ment, i.e., the greatest difference oc- 


TABLE 2 


Numser or Ss Enterinc SHocx ComMPARTMENT 
or Neutra, CoMPARTMENT BEFORE 
Reversinc DrrecTIOoN 

















Sixth Training Trial Test Trial 
Group 
Enter Enter Enter Enter 

sc NC sc NC 
I 8 8 3 13 
II 11 6 3 9 
III 10 8 0 10 
IV + 14 3 8 
Total 33 36 9 40 
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curred at the shock compartment and 
successively less difference occurred 
toward the neutral compartment. 
Comparison of the percentages of Ss of 
each group entering the shock com- 
partment indicates that the compart- 
ment step at which Ss were introduced 
into the runway had no apparent effect 
on the number entering the shock 
compartment or other compartments 
during the test trial. 

The top and bottom curves in Fig. 2 
represent the mean time in seconds 
the groups of Ss spent in the six com- 
partments on the sixth training trial 
and the test trial respectively. The 
time spent by each group in the com- 
partments into which the Ss were 
introduced is excluded. The middle 
curve represents the differences be- 
tween these two curves. The curve 
of the sixth training trial shows that 
Ss tended to spend more time in the 
shock and neutral compartments, with 


TABLE 3 


Percentaces or Ss Entertnc Various 
CoMPARTMENTS 








Group | N | SC I II III | IV | NC 
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II 20 | 85 | 90} * | 85 | 80] 75 
* 
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* Introduced here. 
** Difference between the averages of the 6th train- 
ing trial and test trial. 
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the time spent in the shock compart- 
ment somewhat greater than that 
spent in the neutral compartment. 
The curve representing the differences 
shows the behavioral modification 
resulting from the shock experience. 

When a curve is plotted excluding 
the 21 Ss that entered the shock com- 
partment on the test trial, the curve is 
similar to that in Fig. 2, although its 
steepness is much increased. These 
Ss avoided this compartment on the 
basis of secondary processes other than 
a direct perceptual experience of the 
shock compartment. 


DiscussIoNn 


Some of the latent-learning experi- 
ments (8) have suggested that behavior 
transfers under conditions in many ways 
similar to those of the present investiga- 
tion. Historically, giving animals explor- 
atory training in mazes was first used by 
Lashley (5), and later by Haney (4). 
More specifically, however, the training 
procedure used by both Buxton (2) and 
Seward (7) is principally the same as was 
used in the present experiment. In order 
to give an explanation of the behavior 
showing transfer (i.e., evidence of latent 
learning) in these studies, an evaluation 
of the role of both intra- and extramaze 
cues is necessary. An analysis of Bux- 
ton’s and Seward’s studies indicates that 
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extramaze cues were quite likely sources 
of stimuli which provided a basis of trans- 
fer through primary stimulus generaliza- 
tion. Only in Seward’s investigation is 
concrete evidence available, however, to 
show that this source of stimuli was uti- 
lized by the animals. This was in his 
major experiment in which significant 
transfer effects were shown. The inade- 
quacy of controls over extramaze cues 
in these studies prevents their being used 
as specific experiments demonstrating ex- 
clusively the transfer mechanism pro- 
posed in the problem formulation. 

Experiments conducted by Miller (6) 
and Tolman and Gleitman (9) have 
yielded transfer effects mediated by the 
mechanism of the fractional anticipatory 
goal reaction. In each experiment, Ss 
were trained to run to the end of a maze 
in order to obtain a reward. Subse- 
quently, they were directly introduced 
into the goal region, shocked, and re- 
moved. An explanation of the avoidance 
behavior observed on a later test trial is 
provided by the fact that the response to 
shock was conditioned to the response to 
the earlier given reward and the former 
was elicited on test as a part of the frac- 
tional anticipatory goal reaction. 

To summarize, none of these selected 
experiments entirely meets the specifica- 
tions which were previously outlined in 
this paper, because of the possible expla- 
nation of transfer on the basis of other 
transfer mechanisms. No precise test of 
the hypothesis advanced has heretofore 
been made. 

The specific effect of the transfer mech- 
anism mediating avoidance behavior in 
the present study is significant in light of 
its relevance to the approach and avoid- 
ance gradients reported by Brown (1) 
and Dollard and Miller (3). According 
to Dollard and Miller, these gradients are 
determined by (a) the effect of the gradi- 
ent of reinforcement, and (4) the effect 
of the gradient of primary stimulus gen- 
eralization. The current study suggests, 
first,that the obtained avoidance behav- 
ior which was shown to have gradient 
properties was mediated by the functional 
interrelation of memory traces. This 
indicates that the mediation of gradient- 
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like avoidance behavior (and probably 
approach behavior) is possible by memory 
traces, and that the effects of the mech- 
anisms otherwise mediating these gradi- 
ents need not be operating. Second, the 
transfer effects obtained in this study 
further suggest that the mechanism medi- 
ating this transfer may be operating in 
conjunction with the effects of the gradi- 
ent of primary stimulus generalization 
and the gradient of reinforcement in 
mediating the behavior from which the 
approach and avoidance gradients have 
been derived. 

Less direct mechanisms of transfer as 
contrasted with more direct ones (e.g., 
secondary stimulus generalization or the 
fractional anticipatory goal reaction vs. 
primary stimulus generalization) in medi- 
ating transfer seem to be primarily appli- 
cable to behavior which occurs in 
situations that are nonidentical to the 
original learning conditions. The present 
study is one which purports to demon- 
strate a mechanism of thistype. Further 
detailed study is needed, however, to 
specify more precisely its functional 
properties. 


SUMMARY 


The present experiment constitutes a test of 
the hypothesis that transfer of learned avoidance 
behavior may be mediated by indirect activation 
of memory traces under conditions which pre- 
clude explanation in terms of stimulus generali- 
zation, fractional anticipatory goal responses, or 
delay of reinforcement. The functional rela- 
tionship between the magnitude of this transfer 
effect and directness of trace connection was also 
investigated. 

Four groups of 20 rats each were given six 
daily nonreinforced exploration trials in a run- 
way divided by doors into six, perceptually dis- 
tinct, compartments. After training each S was 
introduced directly into one end compartment, 
shocked, and removed. After 15 min. it was rein- 
troduced into one of the four middle runway com- 
partments (N = 20 in each compartment). 
Initial direction of exit from these compartments 
and other behavior occurring during the 2.5-min. 
test period were recorded. 

Statistically significant evidence of transfer of 
avoidance behavior as indicated by initial direc- 
tion of exit was obtained. Controls indicate the 
inapplicability of the alternative explanatory 
principles mentioned above. 
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The hypothesis that the magnitude of the 
transfer effect is a positive function of the direct- 
ness of connection between the compartment per- 
ceived on test and the end shock compartment 
(and between the corresponding memory traces) 
was confirmed by the differential avoidance beha- 
vior of the experimental groups. 


REFERENCES 


1. Brown, J. S. Gradients of approach and 
avoidance responses and their relation to 
level of motivation. J. comp. physiol. 
Psychol., 1948, 12, 450-465. 

2. Buxton, C. E. Latent learning and the goal 
gradient hypothesis. Contr. psychol. The- 
ory, 1940, 2, No. 2. 

3. Douiarp, J., & Mitter, N. E. Personality 
and psychotherapy. New York: McGraw- 
Hill, 1950. 

4. Haney, G. W. The effect of familiarity on 
maze performance of albino rats. Univer. 


Calif. Publ. Psychol., 1931, 4, 319-333. 


5. Lasuuey, K.S. A simple maze: with data on 
the relation of the distribution of practice 
to rate of learning. Psychobiology, 1918, 
1, 353-367. 

6. Mitier, N. E. A reply to “Sign Gestalt or 
conditioned reflex?” Psychol. Rev., 1935, 
42, 280-292. 

7. Sewarp, J. P. An experimental analysis of 
latent learning. J. exp. Psychol., 1949, 
39, 177-186. 

8. Tutsttetuwaite, D. A critical review of 
latent learning and related experiments. 
Psychol. Bull., 1951, 48, 97-129. 

9. Totman, E. C., & Grerrman, H. Studies in 
learning and motivation: I. Equal rein- 
forcements in both end-boxes, followed by 
shock in one end-box. J. exp. Psychol., 
1949, 39, 810-819. 


(Received February_17, 1953) 








Journal of Experimental Psychology 
Vol. 46, No. 6, 1953 





PROACTIVE INHIBITION AND ASSOCIATIVE FACILI- 
TATION AS AFFECTED BY DEGREE OF 
PRIOR LEARNING! 


STEPHEN K. ATWATER 
Knox College 


Proactive inhibition (PI) may be 
defined as a decrement in the recall of 
a learning task as a result of the prior 
learning of some other task. This may 
be contrasted with retroactive inhi- 
bition (RI) which may be defined as a 
decrement in the recall of a learning 
task as a result of some other task 
being learned between the original 
learning and its recall. 

Associative facilitation refers to a 
positive transfer effect of one learning 
task upon a second learning task, par- 
ticularly where the two tasks involve 
paired-associate learning in which S 
must learn a new response to an old 
stimulus. This may be contrasted 
with associative inhibition in which 
negative transfer effects appear. 

The present study is concerned with 
the effects of various degrees of prior 
learning upon the acquisition and re- 
tention of a second similar material. 
It was set up in much the same way 
as an earlier study by Underwood 
(10). 

The degree of second-list learning 
was carried beyond one perfect trial, 
unlike Underwood’s study, to deter- 
mine whether associative inhibition 
changes toward facilitation with in- 
creasing degrees of prior learning 
when the criterion of second-list learn- 
ing is one perfect trial. This was 
found to be the case in a study by 
Bruce (2). However, an unpublished 
study by G. R. Stone (7) seemed to 
indicate a reversal of this function 


1 This study was done in partial fulfillment of 
the requirements for the M.S. degree at the 
University of Oklahoma. 


when the degree of second-list learning 
reached one perfect trial. 

The range chosen for the independ- 
ent variable was from zero, the control 
condition, to a degree of overlearning 
which extended the scale beyond that 
employed by Underwood. This was 
done to determine whether PI shows 
a reversal in direction with increasing 
degrees of prior learning, as has been 
shown for RI with increasing degrees 
of interpolated learning (4, 6, 8, 9). 


PROCEDURE 


Apparatus and materials.—The material to be 
learned was presented by means of an intermit- 
tently rotating Baker-Stone memory drum (1). 
The traditional A-B, A-C paired-associate antic- 
ipation technique was employed. The drum 
was timed so that the stimulus item of each pair 
was exposed for 2 sec., following which the stim- 
ulus and response items were exposed together 
for an additional 2 sec. A rest of 8 sec. followed 
each trial, which consisted of one complete pres- 
entation of all the paired items of a given list. 
Each list contained ten pairs of three-letter 
words, which were paired so that there was no 
obvious meaningful connection or formal simi- 
larity between the two words of any pair. Five 
different pairs of lists were constructed so that 
each S learned a new pair of lists during each of 
the five sessions of the experiment. 

The ten pairs of words in each list were pre- 
sented in three different orders to prevent serial 
learning and the effects of serial position which 
tend to decrease the amount of PI (5), the pro- 
duction of which is essential to the present study. 

Subjects and experimental design.—Thirty-two 
undergraduate college students served as Ss; 
each underwent one practice session and four 
éxperimental sessions. Each S served on five 
successive days at approximately the same hour 
each day. 

Four degrees of pricr learning were used, the 
degree of learning being defined by a perform- 
ance criterion. Under Cond. A, the control 
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condition, the first list was not presented. 
Under Cond. B the first list was learned to the 
criterion of six or more correct responses on one 
trial. For Cond. C the criterion which had to be 
reached was one perfect trial plus five additional 
trials, and for Cond. D it was one perfect trial 
plus fifteen additional trials. 

For all conditions the second-list learning was 
carried to the criterion of one perfect trial plus 
five additional trials, after which a 10-min. rest 
interval was spent in light reading. For all con- 
ditions second-list relearning was carried to the 
criterion of one perfect trial. 

Instructions commonly given for paired-asso- 
ciate learning were read to each S on each of the 
five days. Special care was taken at the time of 
recall to insure that S knew which list he was 
expected to recall. 

Conditions and lists were systematically ran- 
domized independently over the four experimen- 
tal sessions. Each of the four conditions occurred 
once with each of the four paired lists on each of 
the four experimental days. This resulted in 16 
different orders of presentation of the various 
condition-list combinations. The 32 Ss were 
randomly assigned to these 16 different orders. 
The results were treated by analysis of variance. 


REsULTs AND Discussion 


Prior learning —The mean number 
of trials required to reach the criterion 
of first-list learning under Cond. B 
was 6.16 (om = .49); under Cond. C it 
was 19.78 (c¢, = 1.10); and under 
Cond. D it was 29.41 (¢, = 1.00). It 
was expected that the materials used 
in this study would be learned more 
rapidly and retained better than 
those used by Underwood (10), which 
were paired two-syllable adjectives. 
Greater retention would provide a 
greater interlist differentiation, which, 
it was thought, might yield relatively 
less interference between the two lists, 
when the first list was learned to a 
high degree. This would increase the 
likelihood of obtaining a reversal in 
PI as has been obtained for RI; how- 
ever, a comparison between Under- 
wood’s first-list learning and the pres- 
ent results fails to indicate that the 
three-letter words used here are any 
easier to learn than the two-syllable 


adjectives used by Underwood. All 
other relevant variables, such as 
length of list and rate of presentation, 
were the same; however, it is possible 
that the populations sampled by the 
two studies were not comparable. 

Second-list learning.—Separate anal- 
yses of variance were carried out for 
the number of trials required to reach 
the criteria of 8, 9, and 10 correct 
responses out of 10. For these three 
analyses logarithmic transformations 
of the data were deemed necessary in 
order to satisfy the assumption of 
normality of the population of meas- 
ures from which the samples were 
drawn. For the sake of brevity these 
results will not be presented here.” 
The present results significantly cor- 
roborated those of Underwood (10), 
which indicated an increasing associa- 
tive facilitation as the degree of prior 
learning increased. 

As stated previously, it was sus- 
pected that carrying second-list learn- 
ing to the criterion of one perfect trial 
might produce a reversal in the effect 
of increasing degrees of prior learning, 
i.e., a reversal from increasing associ- 
ative facilitation to increasing associa- 
tive inhibition. This reversal did not 
appear. 

These analyses indicated one other 
point which seems worthy of mention. 
Practice effects were very marked 
even between the fourth and fifth 
sessions (¢ significant at .01 level of 
confidence). This should emphasize 
the need for counterbalancing the 
effects of practice in a study of this 
type even though several sessions may 
have been spent in an attempt to 
minimize such effects. 

Associative inhibition and facilita- 


* Summary tables of these analyses, the means 
for the four conditions, the differences between 
means, and their probabilities, are included in the 
original thesis which is on file at the University 
of Oklahoma Library, Norman, Oklahoma. 
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tion in second-list learning.—If associ- 
ative inhibition is present in a situa- 
tion such as this, it is most likely to be 
found on the first few anticipation 
trials of the second list. Separate 
analyses of variance were carried out 
for the number of correct responses on 
the first and second anticipation trials. 
Again, the results were very similar to 
those obtained by Underwood (10), 
which indicated significant associative 
inhibition on the first two anticipation 
trials of the second list when prior 
learning was low, and significant asso- 
ciative facilitation on the second antic- 
ipation trial when prior learning was 
high. The present results showed the 
same trend, but were somewhat less 
significant. 

Proactive inhibition in relearning.— 
An analysis of variance was carried 
out for the number of trials required 
to relearn the second list to the crite- 
rion of one perfect trial. A compound 
transformation of the data (log [(log 
X) + .005]) was necessary to satisfy 
the assumption of homogeneity of 
variance. Bartlett’s test for homo- 
geneity of variance showed this trans- 
formation to be adequate. The trans- 
formed mean for each of the conditions 
and the differences between these 
means are presented in Table 1. All 
the differences between the means of 
the various conditions were significant 
except those between Cond. A and B 
and between Cond. C and D. 











TABLE 1 

PROACTIVE INHIBITION IN RELEARNING 

Condition} Mean* Difference ’ 
B-A_ .052 

A — 1.270 C-A_ .599 001 

B —1.218 D-A_ .674 .001 

© —0.671 C-B_ .547 .001 

D —0.596 D-B_ .622 001 
D-C_ .075 














* Figures represent transformed values. 
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Studies by Melton and Irwin (6) and 
McGeoch (4) have shown RI, as 
measured by relearning, to increase 
with increasing degrees of interpo- 
lated learning. In these studies the 
function was found to reverse when 
interpolated learning reached a very 
high degree. Thune and Underwood 
(8) were unable to find any significant 
RI as measured by relearning. Under- 
wood (10) did not obtain significant 
PI for this relearning measure. 

The present study produced signifi- 
cant PI at relearning which increased 
as the degree of prior learning in- 
creased. Unlike the RI studies men- 
tioned above, no reversal of this 
function was obtained even when the 
prior list was greatly overlearned; 
however, PI did not show a significant 
increase from Cond. C to D, which 
might indicate a leveling of the func- 
tion after high degrees of prior learn- 
ing have been reached. 


The fact that significant PI at relearning was 
obtained here, but not in the Underwood study, 
might be attributed to the following factors: (a) 
PI, like RI (6, 8), dissipates quite rapidly during 
relearning, as can be seen in the present study 
from the measure of PI at recall, which will be 
considered shortly; (b) in the present study the 
mean number of trials to relearn was between 
three and four; (c) it seems reasonable to assume 
that relearning would have taken longer in the 
Underwood study since the original learning of 
the second list was carried to a much lower degree 
than in the present study. Thus, in the present 
study, relearning was completed before the PI 
effects were completely lost, whereas, in the 
Underwood study, the PI effect in the first few 
relearning trials must have been masked by the 
later relearning trials in which PI was probably 
absent. 


Proactive inhibition at recall—The 
relationships between conditions and 
errors for each of the first four relearn- 
ing trials are presented graphically in 
Fig. 1. This error measure includes 
failures to respond as well as incorrect 
overt responses. The nature of these 
data did not justify the use of analysis 
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Fic. 1. Effects of the degree of prior learning 
upon the number of errors in recall of the second 
list for each of the first four relearning trials 


of variance or any other parametric 
test; therefore, a series of nonparame- 
tric sign tests was employed to test 
the significance of differences between 
conditions. This type of test is illus- 
trated by Dixon and Massey (3, pp. 
247-250). 

The only conditions which showed a 
significant PI effect were Cond. C and 
D on the first relearning trial (.05 
level of confidence). Again, there was 
no significant reversal of the PI func- 
tion with high degrees of prior learn- 
ing, but neither was there an increase 
in PI from Cond. C to D. By the 
fourth relearning trial no differential 
effects due to conditions could be 
claimed, which is in accord with the 
view that PI is highly transitory. 

Inspection of Fig. 1 would seem to 
indicate that Cond. B on the second, 
third, and fourth relearning trials pro- 
duced a facilitation effect as compared 
with the control condition. The sign 
test did not show this effect to be 
statistically significant; however, the 
sign test is relatively inefficient since 
it takes into account only the direc- 
tion of differences, and not their mag- 


nitude. If original second-list learn- 
ing had not been carried to such a 
high degree, the errors on the first few 
relearning trials would have been 
greater in number and probably would 
have been distributed in a more nearly 
normal fashion. This might have jus- 
tified the use of a more precise statis- 
tical technique which, in turn, might 
have indicated whether this “facilita- 
tion effect” was real. 

Intrusions —Underwood (10) has 
suggested that overt intrusions, or 
first-list responses made during re- 
learning of the second list, should 
reflect the degree of interlist differen- 
tiation, which is a function of the dif- 
ference between the response strengths 
of the two lists, and also a function of 
the absolute response strengths of the 
two lists. He says: 


It should be noted that differentiation is pos- 
tulated to be low when two response systems are 
of near equal strength. Undoubtedly, further 
elaboration of this point will be required in that 
absolute strength will have to be considered. It 
is likely, for example, reasoning from Gibson’s 
theory, that two lists having 20 trials each will 
be more highly differentiated than will two lists 
having five trials each (10, p. 32). 


In accordance with this, the present 
study should yield the greatest num- 
ber of intrusions under Cond. C, where 
the response strengths of the two lists 
might be presumed to be most nearly 
equal. Condition C did yield the 
greatest total of intrusions over the 
entire relearning period: Cond. B 
showed no intrusions; Cond. C pro- 
duced 15; and Cond. D produced 11. 
This relationship did not hold for the 
first relearning trial. Since so few 
intrusions occurred, it is quite con- 
ceivable that these results may be 
unreliable. However, the fact that 
very few intrusions occurred does, in 
itself, support Underwood’s point: 
(a) under Cond. B the first list was 
learned to a relatively low degree as 
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compared to the second list; thus, the 
relative response strengths should 
favor the second list; (6) under Cond. 
C and D both lists were learned to a 
relatively high degree; thus, the abso- 
lute response strengths for the two lists 
should be high; and (c) under all con- 
ditions a relatively short retention in- 
terval was employed. All of these fac- 
tors, according to Underwood, should 
produce a relatively high degree of 
interlist differentiation and relatively 
few intrusions. 


SUMMARY 


In an attempt to determine the effect of vari- 
ous degrees of prior learning upon associative 
facilitation in learning a second similar task and 
upon proactive inhibition in the retention of the 
second task, an experiment which was essentially 
the same as an earlier one by Underwood (10) 
was carried out. 

The results indicated that associative facili- 
tation in learning a second task increased as the 
degree of prior learning increased. Proactive 
inhibition increased as the degree of prior learn- 
ing increased, until a relatively high degree of 
prior learning was reached, after which it showed 
no significant change. On the second, third, and 
fourth relearning trials the differential effects of 
the degrees of prior learning were not significant, 
which is in accord with the view that proactive 
inhibition is highly transitory. The results from 
these later relearning trials indicated, though not 
significantly, that facilitation may be effected 
by the prior learning. 





STEPHEN K. ATWATER 
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EFFECTS OF RESPONSE ALTERATION AND DIFFERENT 
INSTRUCTIONS ON PROACTIVE AND RETROACTIVE 
FACILITATION AND INTERFERENCE! 

HOWARD H. McFANN 
State University of Iowa* 


This study is concerned with proac- 
tive and retroactive effects in the suc- 
cessive performance of motor tasks 
which have the same stimulus but 
have varying degrees of response sim- 
ilarity. It is also concerned with the 
consequences of giving specific instruc- 
tions relative to the way the second 
task differs from the first. 

Previous investigations (3, 5) have 
demonstrated significant amounts of 
proactive and retroactive facilitation 
and interference in complex motor 
tasks. In each case, except for a study 
by Dusek (2), the interpolated learning 
(IL) task has been one involving com- 
plete reversal of controls so that the 
responses appropriate during IL are 
opposite in direction to those appro- 
priate during original learning (OL). 
Dusek (2) studied these phenomena 
when partial reversal of response direc- 
tion was involved, but his results are 
not definitive. 

Additional information on IL tasks 
not involving complete reversal of 
direction is supplied by Duncan (1). 


! This paper represents part of a dissertation 
submitted in 1952 to the Graduate School of the 
State University of Iowa in partial fulfillment of 
the requirements for the Ph.D. degree. The 
research was directed by Dr. Don Lewis and was 
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under Contract No. AF 33 (038)-13214, moni- 
tored by the Director of Research, Perceptual 
and Motor Skills Research Laboratory, Human 
Resources. Research Center, Lackland Air Force 
Base, San Antonio, Texas. Permission is granted 
for reproduction, translation, publication, use, 
and disposal in whole and in part by or for the 
United States Government. 

2? Now with the Human Resources Research 
Office, George Washington University. 


Using the star discrimeter and em- 
ploying three degrees of intertask sim- 
ilarity, he obtained positive transfer 
measured by both number of correct 
responses and errors. Intertask simi- 
larity was defined in terms of the num- 
ber of stimulus-response pairs changed 
from the first to the second task. It 
was assumed that facilitation effects 
would be found in this study since the 
task was very similar to the one used 
by Duncan (1). 

On the basis of previous studies and 
the principle of response generaliza- 
tion, it was expected that the IL task 
involving responses opposite in direc- 
tion to those appropriate in OL would 
lead to the greatest amount of inter- 
ference. It was also expected that the 
tasks involving responses in IL most 
similar in direction to the appropriate 
responses in OL would result in the 
least interference. 

Because of response tendencies ac- 
quired outside the laboratory, it was 
felt that self-instruction might play an 
important role in the performance of 
the tasks. Thus, the complete rever- 
sal group might not show as much 
interference as would otherwise be 
expected. Furthermore, it was as- 
sumed that under any one condition of 
change, the groups receiving relevant 
instructions as to the nature of the 
change would be superior in perform- 
ance, at least initially, to a group 
receiving irrelevant instructions. 


METHOD 


Apparatus.—An adaptation of the Duncan (1) 
star discrimeter was used to define the tasks. 
The task requires S to move a vertical wobble 
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stick into one of six possible horizontal ‘slots 
(channels), the appropriate slot depending upon 
the color (hue) that appears in the stimulus 
panel. By prearrangement, any one of the six 
colors can be associated with any one of the six 
response channels. The task requires S to per- 
form until a correct response is made at which 
time a stepping switch automatically presents a 
new color, requiring a movement into another 
slot. The response and stimulus units are 
mounted on a platform which can be adjusted for 
height for each S. The number of correct 
responses and the number of errors were obtained 
for each S, 

Subjects —Eighty male students from an ele- 
mentary psychology class at the State University 
of Iowa were used as Ss. They were volunteers 
but received two course points for each experi- 
mental session. Ten Ss were randomly assigned 
to each of eight groups. 

Design.—Each S was instructed in the manner 
of operation of the apparatus and told that his 
task was to make as many correct responses as 
possible. No information was given concerning 
the recording of errors. All trials were 20 sec. 
in length with 10-sec. intertrial rest intervals. 

On Day 1, each of the eight groups was given 
50 trials on the standard task. The standard 
task required S to learn arbitrarily chosen light- 
channel interconnections. A 1-min. rest period 
was given after 25 trials. 

All groups except Group 8 participated on 
Day 2. Four refresher trials on the standard 
task were followed by a 3-min. rest period during 
which the controls were changed and instructions 
given for interpolated learning. The tasks for 
the IL trials were changed as follows: for Groups 
2 and 5, the light-slot combinations were rotated 
one position (or 60°) in a clockwise direction; for 
Groups 3 and 6, the rotation was two positions 
(120°) in a clockwise direction; and for Groups 4 
and 7, there was complete reversal of light-slot 
combination—a 180° rotation. For all these 
groups, the six light-slot combinations were all 
changed, but in a systematic fashion. In con- 
trast, the IL task for Group 1 required Ss to 
learn entirely new randomly paired light-channel 
combinations; none of the adjacent combinations 
remained as in the standard task. Prior to IL, 
Groups 5, 6, and 7 were given full information 
on how the new task differed from the old. All 
other groups were told that the IL task was dif- 
ferent, but were not instructed concerning the 
nature of the change. Fifty IL trials were given 
to each group with a 1-min. rest after 25 trials. 

Four refresher trials on the IL task and 50 
relearning trials on the original task were given 
on Day 3 to all groups except Group 8. In order 
to determine the effect of rest on performance, 
Group 8 was not given any IL but had 54 RL 
trials on Day 3. 


HOWARD H. McFANN 


REsuLTs AND Discussion 


Comparability of groups.—To deter- 
mine whether the eight groups were 
equivalent immediately prior to any 
differential treatment, a simple anal- 
ysis of variance (4) was made of the 
number of correct responses on the 
last trial of OL. An F ratio of .52 
(df = 7 and 72) was obtained which 
gave no basis for rejecting the null 
hypothesis. The means for Groups 1 
through 8 were 17.2, 17.4, 17.7, 19.0, 
16.2, 16.9, 17.2, and 16.7, respectively. 

An additional analysis of variance 
made on the last 10 OL trials for the 
eight groups on number of correct 
responses yielded an F ratio of .68 
(df = 7 and 72) also indicating that 
the groups were comparable. 

Proactive effects in Group 1.—The 
assumption of equal task difficulty 
made possible an evaluation of proac- 
tive effects by a direct comparison of 
performance on the initial trials of OL 
and IL. It was felt that this com- 
parison might be misleading inasmuch 
as the experimental groups were given 
four refresher trials on Day 2 prior to 
the beginning of IL. However, the 
comparison turned out to be quite 
appropriate. This is shown in Fig. 1 
where the means of number of correct 
responses and of number of errors, for 
Group 1, on the OL and IL trials are 
plotted. It will be seen that the 
curves for correct responses are virtu- 
ally parallel, with the IL curve consis- 
tently above the one for OL. The 
fact that the curves are essentially 
parallel throughout their course indi- 
cates that forgetting was of little or no 
importance. The difference between 
the two curves may be taken as a 
gross measure of amount of proactive 
facilitation. 

The IL error curve, in Fig. 1, lies 
conspicuously above the OL error 
curve on the first two trials. Later, 
on Trials 11-29, the IL curve is con- 
sistently below the OL curve. The 
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Fic. 1. The mean correct responses and errors 


error curves reflect inappropriate re- 
sponse tendencies, that is, interference. 
The trend of the IL error curve is 
taken to indicate that proactive inter- 
ference was initially high, that it dis- 
sipated rapidly, and that by Trial 11 
the influence of proactive facilitation 
became greater than that of proactive 
interference. Perhaps the major point 
to be emphasized is that both facilita- 
tion and interference played a part in 
performance during IL. 

The curves in Fig. 1 for Trials 51-54 
show that there were marked decre- 
ments in proficiency over a rest inter- 
val of 24 hr. The number of correct 
responses on Trial 51 was significantly 
below the number on Trial 50 while 
the number of errors on Trial 51 was 


30 35 40 45 50 51 54 


on all OL, IL, and 24-hr. RL trials for Group 1 


well above that on Trial 50. These 
differences were gone by Trial 54. 
Proactive effects as related to amount 
of response change and instructions.— 
All experimental groups displayed sig- 
nificant proactive increments in num- 
ber of correct responses when tested by 
the t test for related measures (pS.01). 
As shown in Fig. 2, the groups had 
different amounts of gain, with Group 
7 (180° relevant) showing the greatest 
and Group 1 (random) the least 
amount. The relevant instruction 
groups displayed greater gains than the 
irrelevant instruction groups. Under 
both conditions of instructions, the 
120° groups displayed the least gain. 
To determine the significance of the 
different increments, simple analysis 
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Fic. 2. Mean difference in correct responses 
between first IL trial and first OL trial for rele- 
vant and irrelevant instruction groups for three 
degrees of change 


of variance was employed. The ob- 
tained F ratio of 4.39 (df = 6 and 63) 
indicated that there were significant 
differences in the number of correct 
responses from the first trial of OL to 
the first trial of IL—significant differ- 
ences in the amount of proactive 
facilitation. 

Differences between the various 
pairs of means were evaluated with the 
t test for unrelated measures, the 
within-groups variance estimate being 
used as the error term. The differ- 
ences between the means for Group 7 
and those for all other groups, except 
Group 5, were highly significant (p 
<=.01). There were highly significant 
differences between the mean for 
Group 5 and those for Groups 1 and 3 
(p = .01) and less dependable differ- 
ences between Group 5 and Groups 2, 
4, and 6 means (.05<p<.10). The 
remaining differences could quite easily 
have arisen from chance (p>.10). 

A trend analysis was made on the 
data for Groups 2 through 7 for the 
first ten IL trials. These trials were 
selected because an inspection of the 
various performance curves indicated 
that observable effects of different 


degrees of response change and of in- 


structions were most noticeable early 
in IL.’ The analysis which is sum- 
marized in Table 1 followed Lind- 


quist’s Type III design (4, p. 281-284) 
especially formulated for trend data. 

The first hypothesis tested was that 
the curves were parallel for the three 
different degrees of change when 
instructions were disregarded. The 
analysis yielded an F of 1.32, provid- 
ing no basis for rejecting this hypoth- 
esis. The second hypothesis under 
test, that the general means for the 
three degrees of change were the same, 
could not be rejected (F = 1.37). 
The over-all means on IL Trials 1-10 
for the 60°, 120°, and 180° groups were 
10.92, 9.93, and 11.30, respectively. 

The interaction (I X D) between 
instructions and degree of change was 
not significant (F = .93), so it was 
assumed that the effects of the instruc- 
tions for IL Trials 1-10 were the same 
for the three degrees of change. An F 
of 2.20 gave no basis for rejecting the 
hypothesis that the over-all effect of 
different instructions was other than 
zero. Since the trials by instruction 
(T XI) interaction was highly sig- 
nificant (F = 3.81), it was concluded 
that the curves for the two instruction 
groups were not parallel. 

The mean number of correct re- 
sponses of the combined irrelevant 
instruction group was below (mean 


TABLE 1 


Trenp ANALYSIS OF VARIANCE ON THE First 
Ten IL Trirats ror Mean NuMBER oF 
Correct Responses or Groups 2 
THROUGH 7 




















Source af ms F 
Between Ss 59 
Instructions (I) 1 | 214.80} 2.20 
Degrees (D) 2 | 134.18 | 1.37 
IxD 2 91.13 93 
Error 54 97.68 
Within Ss 540 
Trials (T) 9 | 142.48 | 45.52* 
sxe 9 11.93 3.81* 
zxXxD 18 4.14 1.32 
TxHIXD 18 3.36 1.07 
Error 486 3.13 





* Significant at .01 level of confidence. 
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= 7.99) that of the combined relevant 
instruction group (mean = 9.90) on 
IL Trial 1, but by the end of ten 
trials was coincident with it. On IL 
Trial 10 the mean for the relevant 
instruction group was 12.77 while the 
mean for the irrelevant instruction 
group was 12.24. The difference be- 
tween the Trial 1 means was tested 
with the ¢ test for unrelated measures 
with the within-groups residual vari- 
ance used as the error term. The 
obtained ¢ of 8.7 indicated a highly 
significant difference between the 
means. Therefore, it was concluded 
that the combined relevant instruction 
groups on the initial IL trial were 
superior in performance to the com- 
bined irrelevant instruction groups. 

Since the groups showed significant 
differences over trials, it was concluded 
that learning took place. 

All experimental groups, except 
Group 2 (60° irrelevant) displayed 
mean proactive changes in number of 
errors from Trial 1 of OL to Trial 1 of 
IL significant at or beyond the .05 
level of confidence. As seen in Fig. 3, 
without relevant instructions on the 
nature of the change in the IL task, 
there was some amount of proactive 
interference (except in Group 2 where 
the change was 60°); i.e., an increased 
number of errors at the outset of IL. 
The trends of the curves indicated 
that the interference effects dissipated 
rapidly. 

Simple analysis of variance was used 
to determine the significance of the 
various amounts of proactive change 
in errors. The obtained F of 6.16 
(df = 6 and 63) indicated significant 
differences among the mean changes. 
Differences between the various pairs 
of means were evaluated with thet test 
for unrelated measures, the within- 
groups variance estimate being used 
as the error term. Mean differences 
between the means of relevant and 
irrelevant instruction groups were all 
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Fic. 3. Mean difference in errors between 
first IL trial and first OL trial for relevant and 
irrelevant instruction groups for three degrees 
of change 


highly significant (pS$.01). The dif- 
ferences between the mean of the 60° 
and the means of the random and the 
120° irrelevant instruction groups 
were also highly significant (pS.01). 
The other differences could be attrib- 
uted to chance factors in sampling 


(p>.10). 


In summary, the presence of proactive facili- 
tation during IL practice was taken to mean that 
the experimental Ss, during their acquisition of 
proficiency on the OL task, acquired not only 
skill in making movements in specified directions 
upon the appearance of different colors of lights, 
but also responses to general features of the 
stimulus situation which could be utilized during 
the acquisition of proficiency on the IL task. 
The two tasks had many features in common. 
Appropriate responses to these common features 
contributed to level of performance on both tasks. 

The presence of proactive interference implied 
that skill in performing the OL task (that is, in 
executing specific directions of movement in rela- 
tion to specific colors of lights) consisted, at least 
in part, of response tendencies which were inap- 
propriate to the performance of the IL task. 

Specific instructions on the nature of the 
change from the OL task to the IL task facili- 
tated performance on the IL task. In more com- 
plex tasks, appropriate ways of responding to the 
“nature of the task” must usually be acquired 
during practice. In fact, in complex tasks, it has 
been found (6) that verbal pretraining is only 
partly effective, if effective at all, in providing 
Ss with a basis for appropriate responses in a 
new task. 

It was expected on the basis of response gener- 
alization that the greatest amount of proactive 
interference would be displayed by the 180° shift 
group, a lesser amount by the 120° group, and 
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the smallest amount by the 60° group. How- 
ever, the greatest amount was actually shown by 
the 120° group. This finding may be explained 
in termsof proactive’ facilitation: Ss in their 
past activities have often learned to make oppo- 
site responses. This view is supported by the 
fact that most Ss in the irrelevant instruction 
groups said, upon being quizzed at the end of the 
experiment, that they had expected the IL task 
to involve a 180° change in the light-slot 
combinations. 


Retroactive effects —Practice on the 
IL task interfered with subsequent 
performance on the original task. 
This was shown by statistically signifi- 
cant decrements in correct responses 
by all experimental groups from the 
last OL trial to the first RL trial. 
The decrements for the experimental 
groups were all greater than 4.3. That 
this was not due to passage of time 
was shown by the performance of a 
control group which received no IL 
training and which had a mean decre- 
ment of .3. Comparisons among ex- 
perimental groups revealed that the 
differences were not reliable (p>.10). 

The relevant instruction groups 
made markedly fewer errors on initial 
RL trials than did the irrelevant in- 
struction groups. This indicated that 
specific instructions on the nature of 
the IL task were facilitative even in 
RL. The Ss probably used self-in- 
structions which had essentially the 
same effects as the instructions given 
by £E prior to the beginning of IL 
practice. 

The presence of retroactive inter- 
ference was taken to mean that during 
IL the Ss acquired response tendencies 
to the specific aspects of the IL task 
that were inappropriate for perform- 
ance on the original task, that is, the 
skill developed during IL interfered 
with performance on the standard 
task during RL. 


SUMMARY 


Four similar, yet different tasks, available on 
the star discrimeter, were used in a study of 
retroactive and proactive facilitation and inter- 


ference in the performance of motor tasks. 
Eighty male Ss were run, 10 per group. The 
original (OL) and relearning (RL) task was the 
same for all groups. Three interpolated (IL) 
tasks differed in the degree to which the responses 
that were appropriate in the IL task differed 
from responses that were appropriate in the OL 
task. Half of the Ssunder each degree of change 
received relevant instructions regarding the way 
the IL task differed from the OL task. 

The data as a whole supported the notion that 
both facilitation and interference operate when 
practice on one psychomotor task is followed by 
practice on similar, yet different, psychomotor 
tasks. The measures used in the present study 
seemed to be differentially sensitive to the facili- 
tating and interfering effects. 

The results were: 


1. Groups receiving irrelevant instructions 
prior to IL exhibited both facilitation and initial 
interference in IL. 

2. Groups receiving relevant instructions prior 
to IL exhibited greater amounts of facilitation 
than did those receiving irrelevant instructions. 

3. All experimental groups exhibited signifi- 
cant amounts of retroactive interference with the 
irrelevant instruction groups showing the greater 
amounts. 
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FACTORS INFLUENCING VERBAL LEARNING FROM 
FILMS UNDER VARYING CONDITIONS OF 
AUDIENCE PARTICIPATION! 


DONALD N. MICHAEL AND 


Harvard University" 


Previous research has demonstrated 
that learning from a factual film in- 
creases with the use of audience partic- 
ipation procedures. Audience partici- 
pation in these experiments consists 
of the audience viewing a film and 
actively practicing materials covered 
in the audio-visual presentation during 
prescribed intervals between sections 
of the film. When audiences are 
tested after being subjected to such an 
active review procedure, immediate 
retention has been shown to be higher 
than when an equal amount of film 
time is devoted to passive review (4, 
8). Two possible explanations of this 
phenomenon were offered by the pre- 
vious investigators. The first is that 
the active review procedure guarantees 
increased practice of the correct re- 
sponses, since in the passive review 
procedures there is no assurance that 
Ss really practice. The second hy- 
pothesis offered was that the active 
review procedure increases over-all 
motivation or set to learn and results, 
therefore, in improved performance. 


1 This article reports part of a dissertation 
submitted by Michael to the faculty of the De- 
partment of Social Relations of Harvard Uni- 
versity in partial fulfillment of the requirements 
for the Ph.D. degree. The research was directed 
by Maccoby. The authors wish to acknowledge 
their debt to Dr. Arthur A. Lumsdaine, the 
monitoring officer for the contract, to Dr. Fred 
D. Sheffield, consultant, and to the thesis advi- 
sory committee at Harvard : Prof. Gordon Allport, 
Dr. Eleanor Maccoby, Prof. Richard Solomon, 
and Prof. Samuel Stouffer. This research was 
supported by the United States Air Force under 
Contract No. AF 33(038)-22944, monitored by 
the Human Factors Operations Research Labor- 
atories, Bolling Air Force Base. 

? Now at Boston University. 


NATHAN MACCOBY 


Boston University 


The present study was designed to 
provide data on the relative contribu- 
tions to learning of motivation to learn 
arising from the participation situa- 
tion itself compared to that of the 
added and emphasized practice occur- 
ring during the participation sessions. 
If practice is the only important factor 
in learning in the participation situa- 
tion, then there should be no improve- 
ment in the learning of items not prac- 
ticed during the participation sessions 
over what would occur by simply see- 
ing the film through with no chance 
for practice participation. On the 
other hand, if motivation arising from 
the participation sessions is effective 
as a device for increasing learning, 
then those items not practiced should 
also improve since presumably such 
motivation would constitute a gener- 
alized participation effect, having con- 
sequences for all pertinent stimuli to 
which S is exposed. 

Two other sets of variables were 
also investigated: (a) provision of 
knowledge of the correct response 
after practice (KCR) versus no such 
knowledge (no-KCR), and (b) overt 
versus covert practice. Further, it 
seemed reasonable to assume that the 
motivational effects of an active re- 
view situation would be more likely to 
be observable if other extrinsic sources 
of motivation were relatively low. 
Therefore, an attempt was made to 
investigate the interactions of these 
variables under two levels of extrinsic 
motivation. It was predicted, on the 
basis of previous research, that the 
expectation of a test would produce a 
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higher level of extrinsic motivation 
than would no such expectation. By 
studying the interactions of these vari- 
ables, in addition to their separate 
contributions, considerable informa- 
tion could be obtained on the dynamics 
of the active participation process. 

On the basis of previous related 
research and theory (1, 2, 5, 7) the 
provision of the correct response fol- 
lowing participation was expected to 
enhance the learning benefits of par- 
ticipation, primarily by providing op- 
portunity for the correction of wrong 
answers and/or further opportunity 
for covert rehearsal of the correct 
response. The participation situation 
was varied by providing practice par- 
ticipation followed by KCR contrasted 
to participation without KCR. These 
conditions provided additional infor- 
mation on the contributions of moti- 
vation arising from participation as 
contrasted to the contributions of 
practice in the presence of KCR. 

In previous experiments audience 
participation procedures have fostered 
overt responding (4,8). There appear 
to have been no pertinent experiments 
on the relative contributions to the 
efficiency of learning of written prac- 
tice of meaningful material compared 
to practice by simply “thinking” the 
material. If covert participation is 
equally as effective as overt partici- 
pation, it would often be much more 
practicable to employ covert partici- 
pation in training film showings. 


MeETHOD 


General procedure.—The design provided that 
the three experimentally manipulated factors, 
overt vs. covert, KCR vs. no-KCR, and an- 
nouncement of a test vs. no-announcement of a 
test, would be arranged so that the eight partici- 
pation groups would represent all eight possible 
combinations of the three factors. 

The relative contributions to learning of prac- 
tice and motivation under participation condi- 
tions were investigated in the following way. 
During each participation session half of the final 
test items covering the previous section of film 


were specifically practiced, and half of them were 
not. This procedure was followed for all com- 
binations of the other factors for all experimental 
treatments. The relative contributions of prac- 
tice and motivation could then be determined by 
comparing the test scores on the practiced items 
and the nonpracticed items with each other and 
with the scores on the same items obtained by 
control groups who saw the film, but did not have 
participation sessions. 

Twelve groups of Ss were shown a film, eight 
of these groups under conditions of audience par- 
ticipation. Each of the 12 groups contained 
approximately four classes of about 20 high 
school juniors or seniors. In some treatments 
the N’s obtained for four classes were considered 
too small; so additional classes were obtained. 
In all, a total of 1,029 Ss were used. Approxi- 
mately 2 min. after the end of the film, they were 
tested on their knowledge of the factual material 
covered by the film. The film and test were 
administered to Ss in the rooms in their high 
schools usually used for visual aids purposes. 
The assignment of classes to different experi- 
mental treatments was done on a random basis. 

The film.—The film used was an edited color 
version of Pattern for Survival (distributed by 
Cornell Pictures), running 13 min., 44 sec. The 
subject matter was civilian defense against 
atomic bombing. 

Overt and covert participation procedures.—In 
each of the eight experimental groups there were 
four participation sessions. These occurred dur- 
ing three breaks in the film and at the end of the 
film. Participation took the form of Ss answer- 
ing orally administered practice questions cover- 
ing some of the points presented in the preceding 
section of the film. In the overt practice groups, 
Ss wrote their answers to the practice questions 
on answer sheets. In the covert groups, Ss were 
instructed just to “think” the answers. Instruc- 
tions to all groups stressed that the participation 
periods were to help them (i.e., not to test them) 
learn the film content. It was emphasized that 
the participation material covered only part of 
the film content. 

Knowledge of the correct response.—Half of the 
experimental classes were provided with KCR 
after answering the participation questions, and 
half were not. The Ss were informed of the 
correct answer immediately after they had had 
an opportunity to answer each question. 

In the eight participation groups a total of 11 
sec. of participation was provided for each ques- 
tion. For those groups not informed of the 
correct response the entire 11 sec. were available 
for uninterrupted practice, i.e., for attempting to 
answer the question. In the KCR groups 9 sec. 
were allotted to initial practice, and the remain- 
ing 2 sec. were available for rehearsal of the 
correct response. 
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Test.—It was announced in advance to half of 
the groups that there would be a test at the end 
of the film; no announcement of a test was given 
to the other half of the groups. However, the 
groups that were told in advance that they 
would be tested were not told what points the 
test would cover. The test contained 30 orally 
administered questions divided into two subsets, 
designated as Form 1 and Form 2, selected to be 
as nearly equivalent as possible with respect to 
difficulty of the items and distribution in the 
film. For half of the classes in each experimental 
treatment the Form 1 items were the ones prac- 
ticed, with the Form 2 items comprising the non- 
practiced ones. For the other half of the classes 
in each group the reverse was true. 

Control groups.—In addition to the eight ex- 
perimental groups, four control groups were em- 
ployed. Control Group 1: in order to determine 
the initial level of information on the material 
covered by the film, four classes were tested prior 
to the showing of the film. This provided a base 
line against which to compare the teaching 
efficiency of the film and of the various partici- 
pation methods. Control Group 2: this group of 
four classes was shown the film without any par- 
ticipation and was tested afterwards. Fifteen 
seconds of blank leader were inserted in the films 
at each of the points where the film was inter- 
rupted for the participation groups. Control 
Group 3: this group of four classes was the same 
as Group 2 excépt that Ss were told in advance 
that they would be tested at the end of the film 
on its contents. 

Control Groups 2 and 3 provided a base line so 
that the effectiveness of any of the audience par- 
ticipation procedures used during the presenta- 
tion of the film could be compared with that of 
viewing the film without the use of any partici- 
pation procedure. 

Control Group 4: It was possible that the non- 
practiced items might be meaningfully related to 
the practiced items. If so, there might be some 
information in the answers to the practiced items 
which could be applied to answering the non- 
practiced items. Thus, some or all of the gains 
in the nonpracticed items in the audience partici- 
pation groups as compared to the nonparticipa- 
tion groups might be due to transfer effects of 
practice rather than to increased motivation to 
learn. 

A careful comparison did not reveal any plau- 
sible meaningful relations between one set of items 
and the other. Nevertheless, a fourth control 
group was tun as a check on the possibility of 
gains due to transfer from practiced to nonprac- 
ticed items. In this group all practiced ques- 
tions were asked at the end of the film rather than 
at intervals during the course of the film. This 
made it impossible for the participation procedure 
to motivate Ss to learn more, since the film had 


already been seen before the participation prac- 
tice took place. If there was to be transference 
of meaningfully related material, there should 
have been an increase in test performance on the 
unpracticed material in Control Group 4 classes 
(compared to Control Groups 2 and 3) even with 
no participation-derived motivation to encourage 
this increased learning. However, if no gains on 
the nonpracticed items were to occur in this 
group, the likelihood of transference from the 
practiced items would be greatly reduced. 

Group sampling.—Experimental treatments 
were not only administered by class units rather 
than to individuals, but also were assigned to 
pre-formed class groups, taking the classes “as 
they came.” This means that, for purposes of 
estimating experimental error in group-to-group 
comparisons, the sampling unit was the class, 
not the individual. For these comparisons class 
means rather than individual scores were the 
basic units of observation for sampling, and de- 
grees of freedom were obtained from the number 
of classes rather than from number of individuals. 
However, this group-sampling restriction does 
not logically apply to those analyses which com- 
pare practiced versus nonpracticed items within 
experimental groups; here, selective factors due 
to the fact of group sampling would not bias the 
comparison, and N could thus be based on num- 
ber of Ss rather than number of classes. 

Scoring.—The test consisted of items of infor- 
mation directly covered in the film. All ques- 
tions were of the open-end variety which could 
be answered with very few words. A total of six 
points was possible on each item, with part 
scores of 2, 3, or 4 points possible on many. 
High reliability of scoring was insured by a pre- 
liminary procedure involving the independent 
practice-scoring of the same sample of papers by 
each of the several scorers. Differences were 
located and discussed. This process was then 
repeated on a new sample until consistent scoring 
standards were attained. After final scoring 
began, a random sample of one in ten papers was 
independently rescored. The ratio of agree- 
ments to total possible agreements was computed 
in this way for each item. These ratios ranged 
from 91% to 100%, with a mean of 96% for the 
whole test. 

The maximum possible score on the whole test 
was 180; the maximum possible score was 90 on 
the 15 practiced items, and 90 on the 15 non- 
practiced items. Control Groups 1, 2, and 3 
were tested on the same 30 items (without prac- 
tice). In order to compare these groups with 
the experimental groups prior to calculation of 
final percentage scores, it was necessary to con- 
vert the scores of Control Groups 1, 2, and 3 toa 
base of 90 points. (This was necessary because 
all members of the other experimental groups 
practiced on 15 items, leaving the remaining 15 
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as nonpracticed items.) Therefore, the mean 
scores for classes in Groups 1, 2, and 3 were 
determined by separating their total scores (com- 
posed of Form 1 and Form 2 items) into subscores 
for Forms 1 and 2, finding the mean of each form 
score, and then taking the mean of the two means. 


RESULTS 


There appear to be optimum condi- 
tions for efficient experimental meas- 
urement, i.e., minimum conditions for 
the occurrence of either ceiling or floor 
effects or for clustering of score aver- 
ages because of too limited a range. 

The lowest mean score for any of the 
groups is that of Control Group 1, 
which is 25.4% of the possible score. 
The highest mean score attained by an 
experimental group was by the overt 
practice with KCR group on the prac- 
ticed items, a score of 77.7% of the 
possible score. The nonparticipation 
film classes in Control Group 2 had a 
mean score of 50.9%. 

Audience participation.—The par- 
ticipation procedures used in this study 
produced a statistically significant 
gain (p < .02) in learning of 7.3% 
over the learning level of 52.5% (Con- 
trol Groups 2 and 3 combined) at- 
tained by simply viewing the film. 
(Unless otherwise indicated, all statis- 
tical tests are ¢ tests based on the 
differences between the means of mean 
scores of the classes. All p values are 
two-tailed.) 

However, improvement in learning 
occurs only for those items that were 
actually practiced during the partici- 
pation sessions; the items not specifi- 
cally practiced did not appear to be 
learned any better than would occur 
simply by viewing the film alone. 

Test announced versus test not an- 
nounced.—The combined mean score 
for the test-announced groups was 
60.0%, and for the no-test-announced 
groups it was 59.7%. Further, there 
were no significant interactions be- 
tween the “test” variable and any of 
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the other variables. Therefore, unless 
otherwise indicated, comparisons re- 
ferred to in the text are based on the 
combined test-announced and test- 
not-announced scores for a given 
variable. 

Knowledge of the correct response.— 
There was a statistically significant 
(p < .01) average gain of 16.3 per- 
centage points from the condition of 
no-KCR to the condition of KCR for 
the practice questions (see Table 1). 
KCR thus appears to be a sizable con- 
tributor to learning over and above 
the existence of the basic kind of par- 
ticipation utilized in this experiment. 

Even without KCR the participa- 
tion procedure was effective in improv- 
ing performance on the practiced 
items. The improvement of 7.7% for 
the combined no-KCR groups over 
the 52.5% learning level for the com- 
bined no-participation groups is sig- 
nificant at the .02 level. 

An exposition of the data relating 
participation period scores and test 
scores is pertinent here since an expla- 
nation for this 7.7% improvement, to 
be discussed presently, depends on 
these data. 

Table 2 gives the mean scores for 
each practice period for those groups 
who practiced by writing their response 
with and without KCR. Table 2 also 
gives the corresponding final test 
scores for the same groups. The final 
test was broken into the four sets of 
items corresponding to the four sets of 
items used during the participation 
sessions and the means of these four 
subsets were computed. The same 
was done to the test scores for the 
control groups who saw the film with 
no participation sessions. 

All test scores for the KCR groups 
are significantly higher (p = .05) than 
the corresponding test scores for the 
no-KCR groups. All test scores for 
overt KCR and overt no-KCR groups 
are significantly higher (p = .05) than 
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TABLE 2 


Mean Scores ror Overt Practice Periops 
AND CORRESPONDING SCORES 
on Finat Test 




















Overt Practice Combest 
Period Control 
KCR | No-KCR| [tus 
Practice 
1 14.31 13.31 —_— 
2 10.03 8.59 — 
3 12.57 12.59 — 
+ 18.90 20.06 — 
Test 
1 17.89 13.46 10.37 
2 9.91 8.02 6.14 
3 15.84 13.24 11.62 
4 27.05 21.30 19.07 














the corresponding test scores for Con- 
trol Groups 2 and 3. 

There is no significant difference 
between the practice scores obtained 
during the practice periods for the 
no-KCR groups and those of the 
groups receiving KCR. 

Except for the practice scores for 
Periods 1 and 2, the practice scores for 
both the KCR and no-KCR groups 
are not significantly higher (p = .1) 
than the final scores for the straight 
film showing control groups. 

The test scores are significantly 
higher (p = .05) than the practice 
scores for Periods 3 and 4 for the no- 
KCR groups and for Periods 1, 3, and 
4 for the KCR groups. The gain 
from practice period to test is consid- 
erably larger in the case of the KCR 
groups than for the no-KCR groups. 

Overt (written) versus covert (“men- 
tal’) practice —There is no significant 
difference between the amount learned 
by overt practice and that learned by 
covert practice (.3>p>.2). For all 
contingencies the improvements of 
either overt or covert participation 
procedures over the no-participation 
control groups are significant at the 
.O1 level. 


Interaction of overt-covert participa- 
tion and knowledge of the correct re- 
sponse.—Reference to Table 1 shows 
that KCR is substantially equally 
effective with either the overt or 
covert participation procedures. Fur- 
ther, whichever combination of these 
variables is considered, their effects on 
the nonpracticed items are substan- 
tially the same, i.e., they do not im- 
prove the learning of the nonpracticed 
items. Their effect on the practiced 
items depends primarily on the pres- 
ence or absence of KCR rather than on 
whether the practice is overt or covert. 


Discussion 


The results obtained in this experiment 
extend the findings of previous research 
in this area (4, ch. 9) with respect to the 
efficacy of practice provided by audience 
participation in learning simple and com- 
plex verbal material. There is good 
reason, then, to propose that, at least in 
situations where verbal material is to be 
learned, audience participation can be 
used as a means of increasing the amount 
of learning over and above that which 
would be learned when no such partici- 
pation is utilized. 

Since better test performance by the 
experimental groups (as compared to the 
control groups) did not occur on those 
items which were not practiced during 
the participation sessions, it is concluded 
that the use of the participation proce- 
dures did not produce the kind of motiva- 
tion which results in increased learning of 
film material not specifically practiced. 

At the present time the best generali- 
zation from available evidence, including 
both the data of the present experiment 
and that of other related experiments, 
would appear to be as follows: When par- 
ticipation procedures of the sort described 
in this research are employed with “dis- 
crete” responses, such as items of factual 
information under generally high condi- 
tions of motivation, the improved learn- 
ing derives primarily from the conditions 
of practice during participation and not 
from motivation to learn generated by 
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the participation situation. The effects 
are confined to the material specifically 
practiced. However, where the material 
practiced in the participation sessions 
consists of examples of a principle or 
method which is to be learned, carry- 
over to similar, nonpracticed material 
can be expected (6, 10). Whether such 
motivational carry-over occurs on discrete 
factual material under conditions of 
generally low motivation has not been 
tested. It is reasonable to assume that 
the subject matter and mode of presen- 
tation in this film generated a high level 
of motivation to learn for most of the Ss. 
If this was the case, then additional in- 
centives to learn of the sort provided in 
this experiment (e.g., the test announce- 
ment) may have been incapable of adding 
a significant motivational increment. 

The most important coniributor to 
effective participation, under the condi- 
tions of participation studied, is KCR. 
When no such knowledge is available, the 
improvement in learning is considerably 
reduced. 

Here, it seems, is a highly general find- 
ing: the proposition that superior learn- 
ing will occur for either manual or verbal 
activities when the learner is given the 
opportunity to rectify an error by know- 
ing that an error has been made, what the 
error was, and what the correct behavior 
should be, has not only the empirical 
support of this experiment, but consider- 
able support from the various theories of 
learning and previous experimentation in 
other media as well as films (5). 

However, improvements in learning, 
while not nearly as great as with KCR, 
occur without KCR. These improve- 
ments can be explained by the operation 
of the recency effect as follows: Those Ss 
who practiced the right answer during the 
practice periods are more likely to know 
the right answer on the final test than if 
they had not practiced it, or if no practice 
period was available. There is greater 
likelihood that the right answer will be 
remembered by more people at the time 
of the practice period than would remem- 
ber it if not exposed to the question again 
until the test period. Therefore, the 
practice participation periods which do 


not have KCR are of value because they 
can at least take advantage of recency.* 

In the present experiment, overt prac- 
tice does not lead to appreciably better 
learning than does covert practice. 
Further, the combination of either covert 
or overt practice with KCR accounted 
for substantial, and approximately equal, 
increases in learning and proved to yield 
the most effective participation condi- 
tions employed in this study. 

While there is no supporting evidence 
available in the covert practice case, 
there is no reason to assume that, up to 
the time of KCR, the percentage of Ss 
knowing the right answer is any different 
for those who practice covertly than for 
those who practice overtly. Since there 
is no significant difference between overt 
no-KCR and covert no-KCR, both meth- 
ods appear equally efficacious in fixating 
the correct response previous to KCR. 

Whatever increments of learning occur 
after KCR would be the result of the 
same kind of practice in both the overt 
and covert groups; namely, 2 sec. of 
covert practice before the next question 
is asked. Therefore, the first 9 sec. of 
the practice trial could be expected to 
influence learning only during the last 2 
sec. of practice if there were some inter- 
action between the practice during the 
last 2 sec. after KCR and the kind of 
practice, overt or covert, occurring dur- 
ing the first 9 sec. before KCR. The 
results indicate no such interaction since 
the final scores for the two forms of prac- 
tice are not significantly different. Thus, 
it can probably be concluded that the 
chief importance of the practice period, 
overt or covert, before the KCR is two- 
fold: (a) to permit practice which will 


3 More elaborate interscore and intrascore 
comparisons than those presented in this paper 
indicate that most of the improvement in learn- 
ing for the no-KCR groups can logically be ac- 
counted for by the operation of the recency effect. 
However, small but evidently real learning in- 
creases occur on items practiced in Practice 
Periods 3 and 4 that cannot logically be accounted 
for by the operation of the recency effect. These 
increases have been ascribed to artifacts in the 
design, and not to the participation sessions as 
such. 
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help fixate the correct answer for those 
already able to give the correct response 
at that time, and (4) to get S sufficiently 
motivated to learn the response so that 
when the KCR is given, he will practice 
it during the succeeding 2 sec. of covert 
participation. 

The comparative results for overt and 
covert practice seem especially important 
from the standpoint of film design and 
utilization. When overt practice pro- 
cedures are employed, additional practice 
materials and special conditions and 
assistance for proper utilization of these 
materials are necessary. It would ap- 
pear, therefore, that all the conditions 
for substantially increasing learning could 
presumably be incorporated directly into 
the film at fairly little cost, and no special 
classroom procedure or materials would 
be necessary. Further experimentation 
is necessary, however, to confirm the 
expectation that provisions for covert 
practice built into the film itself would 
be effective as compared to the “live” 
conditions utilized in this experiment. 


SUMMARY 


Previous research has shown that more learn- 
ing from films occurs when the viewer takes part 
in an “audience participation” procedure than 
when he does not. This improvement might 
result from: (a) increased practice during the 
participation periods, and/or (b) increased moti- 
vation to learn arising from the participation 
situation. This experiment was designed to 
assess the relative contributions of the practice 
and motivation factors. 

Participation consisted of practice periods 
alternated with sections of the film, and required 
the audience to answer questions on the previous 
section of the film. Some Ss wrote their answers 
(overt practice) and some “thought” them (co- 
vert practice). Half of the classes were told the 
correct answers after they had tried to answer 
the questions themselves, and half were not. 
Half the classes were told they would be tested; 
half were not. 

Control groups were Ss who were given the 
test questions but not the film, Ss who saw the 
film without participation, and Ss who had all 
the participation after the film. 

Audience participation procedures resulted in 
considerable improvements in learning verbal 
material as compared to simply viewing the film. 
These increases in learning seem to be due pri- 


marily to the effects of practice and not to the 
effects of increases in motivation to learn. 
Regardless of the other variables employed 
in this study, the most important factor influenc- 
ing the amount of learning in this experiment was 
that of the provision of knowledge of the correct 
response (KCR) after part of the participation 
session. There was no significant difference 
between the level of learning achieved with overt 
practice compared to covert practice. An unsuc- 
cessful attempt was made to provide two levels 
of extrinsic motivation by informing some Ss of 
a test to follow the film, and not informing others. 
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TRANSFER AS A FUNCTION OF TYPE AND AMOUNT OF 
PRELIMINARY EXPERIENCE WITH TASK STIMULI! 


ALBERT E. GOSS 
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Miller and Dollard’s (2, 13) state- 
ment of the mechanism of the acquired 
distinctiveness of cues leads to the 
suggestion that the acquisition of dis- 
criminative verbal responses to similar 
external stimuli should, by reducing 
the similarity of external plus verbal 
response-produced stimulus patterns, 
facilitate the subsequent learning of 
other discriminative responses to those 
same environmental cues. 

Experimental findings which directly 
or indirectly suggest that experimen- 
tally acquired discriminative verbal 
responses facilitate the acquisition of 
discriminative motor responses have 
been reported by Pyles (15), Gagné 
and Baker (4), Baker and Wylie (1), 
and Rossman and Goss (16). Also 
corroborative was Wickens and Briggs’ 
(19) observation that verbalization 
may decrease generalization in post- 
conditioning tests of the efficacy of 
sensory preconditioning. 

Although Thompson (18) found that 
learning names for puzzle pieces did 
not result in significant positive trans- 
fer to a puzzle-assembly task, it is 
probable that the discriminative ver- 
bal responses were not sufficiently 
strong to influence the course of motor 
learning. Similarly, the negative find- 
ings of Lawshe and Cary (12) and the 
inconclusive results of Smith and Goss 
(17) may have been due to failure to 
establish stable verbal discriminations. 


1 This research was supported in part by a 
grant fronr the Research Council of the Univer- 
sity of Massachusetts. The writer wishes to 
express his indebtedness to Mr. James Martin 
for his aid in carrying out this study and to Mr. 
Joseph Mach who was responsible for the con- 
struction of the apparatus. 


It is conceivable, however, with the 
Pyles study as a possible exception, 
that instead of, or in addition to, dis- 
tinctiveness based on experimentally 
acquired verbal discriminations the 
apparent facilitative effects of pre- 
motor experiences may have reflected 
the influence of either one or both of 
two other processes which were neither 
eliminated nor introduced explicitly. 
One of these processes can be identi- 
fied as acquired distinctiveness based 
on the premotor activation of pre-ex- 
perimentally acquired discriminative 
verbalresponses. Warm-upintheform 
of postural adjustments and/or recep- 
tor-orienting responses occasioned by 
exposure to the external stimuli during 
premotor experiences is the second of 
these processes (11).? 

In view of the possible explanatory 
significance of prior habit arousal and/ 
or warm-up, it seemed desirable 
to ascertain whether experimentally 
introduced discriminative verbal re- 
sponses resulted in positive transfer to 
a discriminative motor task over and 
above facilitative effects attributable 
to one or both of these additional proc- 
esses. Further, if operative and facili- 
tative, there appeared to be the possi- 
bility that—particularly when new 
verbal discriminations were relatively 
weak—prior habit arousal or warm-up 
might inhibit newly learned verbal 
discriminations. Accordingly, in order 
both to minimize this possibility and 


2The possible explanatory significance of 
warm-up processes was hinted at by Rossman 
and Goss (15). In addition, suggestions by 
Drs. Robert M. Gagné and Neal E. Miller (per- 


sonal communications) were of great value. 
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at the same time to explore the rela- 
tionship between strength of newly 
acquired responses and amount of 
facilitation, an experimental design 
which called for three levels of mastery 
of verbal discriminations and corre- 
sponding degrees of prior habit 
arousal and warm-up experiences was 
employed. 


MeETHOD 


Subjects —The Ss were 104 students drawn 
largely from classes in introductory psychology 
at the University of Massachusetts. All Ss were 
naive with respect to the general purpose of the 
study and to specific procedural details. Because 
of apparatus breakdowns and apparent failure to 
understand instructions, four Ss were discarded. 

Apparatus and stimulus materials—The exper- 
imental apparatus (Fig. 1) was a modification of 
the verbal-motor discrimination device described 
by Gagné and Baker (4). When a solenoid- 
activated shutter was opened, light stimuli for 
both paired-associate verbal learning and for 
motor learning were presented through a trans- 
lucent plastic window in the lower circular aper- 
ture. Paired nonsense-syllable stimuli for verbal 
responses were exposed in the upper aperture by 
means of a second solenoid-activated shutter. 

During verbal learning an electrically driven 
cam arrangement initiated successive sequences 
which consisted of a 4-sec. presentation of the 
light stimulus, during the last 2 sec. of which 
the syllable was exposed, followed by a 4-sec. 
interstimulus interval. 

The length of each motor learning trial was 
determined by S’s response time with the conse- 
quence that interstimulus intervals were not 
automatically controlled and thus varied from 4 
to 6 sec. At the beginning of each motor learn- 
ing trial S’s thumb was pressed against the push- 
button and the rest of the hand lay on the toggle- 
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Fic. 1. Diagram of S’s side of the modified 
Gagné-Baker verbal-motor discrimination ap- 
paratus 


switch panel roughly equidistant from the 
switches. 

Located behind the stimulus panel and hence 
not shown in the diagram were devices for the 
selection of light and syllable stimuli, lights 
which indicated thumb pressure on the push- 
button and toggle-switch selection, and a Stand- 
ard Electric timer. 

The Ss were seated about 12 in. in front of the 
apparatus which was on a small table in the 
approximate center of a lightproof room. There 
was one 100-w. overhead lamp. 

Polaroid and translucent plastic filters were 
used to vary the intensity of light transmitted 
from a 60-w. bulb and thus to produce the four 
similar but discriminable intensities of white light 
which served as the stimuli for both verbal and 
motor responses. A point about 17 in. in front 
of and 11 in. above the light source was selected 
as representative of the location of the average 
S’s eyes. At that point the best estimates of 
intensity were 1.5, 1.9, 2.5, and 3.4 ft.-candles for 
the four brightnesses. Successive differences 
between logs of these intensities were approxi- 
mately equal. At the same position the over- 
head light alone produced an intensity of approx- 
imately 1.2 ft.-candles. 

Cuf, jer, nig, and vol, the nonsense-syllable 
stimuli, had Glaze (7) association values of 80% 
and were assigned to the 1.9, 3.4, 1.5, and 2.5fft.- 
candle lights, respectively. 

Each of the four lights, with or without its 
nonsense-syllable associate, was exposed once in 
each block of four trials. The order of associates 
or lights within each block was one of the 24 
permutations of the order of four events. A 
single exposure of one of the paired associates or 
of a light alone was considered a trial. 

Procedure for premotor experiences.—The de- 
sign of the experiment is summarized in Table 1. 
The verbal learning groups were required to learn 
to discriminate among the four similar light 
intensities by means of paired nonsense-syllable 
responses. Group VL-9 learned to a criterion of 
at least 9 of 12 correct anticipations over three 
successive four-trial blocks; Group VL-11 learned 
to a criterion of at least 11 of 12 correct antici- 
pations over three successive four-trial blocks; 
and the 100% overlearning Group VL-0 was 
given twice the number of trials to the 11/12 
criterion plus the 12 criterion trials. 

The instructions and experimental conditions 
for the seeing-and-discriminating groups were 
designed to activate previously learned responses 
for designating stimulus differences but without 
reinforcement of those responses. Specifically, 
these Ss were told that they were participating in 
an experiment to determine how well they could 
judge stimulus differences, and therefore that 
they were to pay close attention to the series of 
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TABLE 1 


SumMARY oF TyPE AND DEGREE OF PREMoTOR LEARNING 

















N 0 
Group Type of Premotor Experiences Degree of Premotor Learning Learning 
Tials 
VL-9 Verbal learning 9/12 Criterion 48 
VL-11 Verbal learning 11/12 Criterion 48 
VL-0 Verbal learning 100% Overlearning 48 
SD-9 Secing-and-discriminating Same as VL-9 48 
SD-11 Seeing-and-discriminating Same as VL-11 48 
SD0 Seeing-and-discriminating Same as VL-0 48 
S-9 Seeing Same as VL-9 48 
S-11 Seeing Same as VL-11 48 
SO Seeing Same as VL-0 48 
Cc None 48 














stimuli to be presented in order to state not only 
how the stimuli differed but also, and more im- 
portantly, how many different stimuli had been 
exposed. Thus instructed, the 9 of 12 (SD-9), 
11 of 12 (SD-11), and overlearning (SD-O) see- 
ing-and-discriminating groups were presented 
with the lights alone for the same mean number 
of trials as was administered to VL-9, VL-11, 
and VL-Q, respectively. 

Instructions and conditions for Ss in the see- 
ing groups were designed to arouse postural 
adjustment and receptor exposure responses. 
Thus they were told that the purpose of the ex- 
periment was to investigate the effects of seeing 
stimuli, and hence that they were to pay close 
attention to each one of the series of to-be- 
presented lights. The same average number of 
trials were given to the 9 of 12 (S-9), 11 of 12 
(S-11), and overlearning (S-O) seeing groups as 
were required for VL-9, VL-11, and VL-O, 
respectively. 

Procedure for motor learning.—Immediately 
after Ss of these groups had completed their pre- 
motor learning experiences, they were introduced 
to the discriminative motor task by means of 
appropriate instructions. The instructions re- 
quired approximately 1 min. The discriminative 
motor responses were the selections of different 
toggle switches for each intensity. The Ss were 
instructed that the correct switch for a given 
intensity was the one which turned off the light. 
Switch 1 turned off the next brightest light, 
Switch 2 the darkest, Switch 3 the next darkest, 
and Switch 4 was correct for the brightest stim- 
ulus. The correction technique was employed 
by permitting S$ to continue selection responses 
on each trial until the switch turning off the light 
had been chosen. 

The control (C) group which had had no prior 
experiences with the lights was given the same 
instructions. 


The 48 motor learning trials were made up of 
12 successive four-trial blocks with each block 
consisting of a different order of presentation of 
each of the four intensities. 

Assignment of subjects.—With the proportion 
of males (six to each group) and females con- 
trolled, Ss were randomly assigned to one of the 
ten groups. They were then run in ten consecu- 
tive cycles with a cycle defined as the perform- 
ances of one S in each of the ten conditions. 
Within each cycle each S in SD-9 and S-9, in 
SD-11 and S-11, and in SD-O0 and S-0 was given 
the same number of trials as had been required 
for the randomly matched S in the corresponding 
verbal learning group to reach the appropriate 
criterion. 


RESULTS 


Verbal learning —The mean number 
of trials to criterion and mean number 
of total trials for the verbal learning 
groups are summarized in Table 2. 
While not given additional or over- 
learning trials at the mastery level, Ss 
of VL-11 had only slightly less mean 
total experiences than those of VL-0. 
This somewhat unanticipated outcome 
was attributable to the relatively slow 
learning of three Ss who required over 
100 trials to reach criterion. Since Ss 
in the SD-11 and S-11 conditions were 
given the same number of trials as 
VL-11 Ss, the 80.0 mean light experi- 
ences of those groups were also slightly 
less than 84.4 mean experiences of the 
SD-0 and S-O groups. The Ss in 
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TABLE 2 


Means AnpD SD’s oF TRIALS TO VERBAL LEARN- 
ING CRITERIA AND FOR ToTAL VERBAL 
LEARNING TRIALS 























Trials to Criterion Total Trials 
Group Mean | SD Mean | SD 
VL-9* | 344 | 170 | 47.2 | 17.6 
VL-11 68.0 | 35.4 80.0 35.4 
VL0* | 368 | 10.1 | 844 | 20.1 
* Because two Ss of VL-9 were each given four addi- 


tional trials, total trials are slightly greater than trials 
to criterion plus 12 and the SD's for the two measures 
differ. A somewhat similar error in trial administra- 
tion for one S of VL-0, which was not discovered until 
after the completion of the study, accounts for the 
slight discrepancies in means and SD's of trials to cri- 
terion and total trials for that group. 


SD-9 and S-9 had 47.2 mean presenta- 
tions of the light stimuli. 

Two further aspects of the verbal 
learning processes should be noted. 
The first concerns the relationships 
between number of verbal learning 
trials and some frequency-derived 
measure of both correct and general- 
ized responses. Generalized responses 
were defined as nonsense-syllable re- 
sponses elicited by a given intensity 
which, while not the correct response 
to that intensity, were the paired-asso- 
ciate responses to the other three 
intensities. To ascertain this rela- 
tionship Hilgard and Campbell’s (8) 
modification of Vincent’s procedure 
was used to compute percentages of 
correct and generalized responses for 
successive tenths of trials to the 11/12 
criterion (Fig. 2) for VL-11 and VL-0.3 
Examination of Fig. 2 indicates that 
percentages of generalized responses 
increased to a maximum at the third 
tenth and tended to decrease irregu- 
larly from that point. With some 
inversions the correct responses appear 


3 Since VL-11 and VL-O had the same learning 
criterion, data for both groups were combined. 
One S was eliminated because of difficulties in 
the interpretation of the scoring of several 
responses. 
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to have a positive monotonic relation- 
ship to tenths of trials. 

The second aspect is the relation- 
ship of generalized responses to each 
intensity to the similarity between the 
eliciting intensity and the stimulus 
intensities for which the generalized 
responses were correct. To illustrate 
this relationship, generalized responses 
to each intensity, expressed as per- 
centages of total correct responses to 
that intensity, have been plotted in 
Fig. 3. Because four trials were 
necessary for Ss to make each syllable 
response at least once, generalized 
responses during these trials were not 
included. Also, in order to depict the 
influence of learning, separate curves 
have been plotted for the first and 
second halves of all but the first four 
trials to the 11/12 criterion. The 
curves in the lower right of Fig. 3 
represent tendencies for the darkest 
(D) stimulus to evoke the syllable 
responses which were correct for suc- 
cessively brighter stimuli. General- 
ized responses for stimuli successively 
removed from the next darkest (ND), 
next brightest (NB), and brightest 
stimuli (B) have also been plotted. 

For each intensity, as physical sim- 
ilarity between that intensity and the 
other stimuli decreased, there was a 
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Fic. 2. Percentages of correct and general- 
ized responses for successive tenths of trials to 
criterion 
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decreasing tendency for the stimulus 
presented to elicit responses to the 
other stimuli. Assuming equality of 
differences between successive ab- 
scissa points the gradients appeared to 
be negatively accelerated. In gen- 
eral, second-half gradients were steeper 
than those for the first half. Both 
first- and second-half trends for the 
intermediate intensities were less steep 
than corresponding portions of the 
gradients for the two extreme inten- 
sities. Thus, in absolute numbers, 
for the two halves combined, fewer 
correct responses (173 vs. 252) and 
more generalized responses (155 vs. 
109) were made to the intermediate 
intensities. 

Motor learning.—Table 3 summa- 
rizes means of errorless trials and 
errors for the entire 48 motor learning 
trials for each of the ten treatments. 
An errorless trial was one in which no 
incorrect switch choices were made, 
i.e., the first choice was the correct 
choice. Errors were the selections of 
incorrect switches, and up to three 
errors could be scored on a given trial. 
Because the SD-11 and SD-O and the 
S-11 and S-O pairs had essentially 
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Fic. 3. Percentages of generalized verbal 
responses to the bright (B), next bright (NB), 
next dull (ND), and dull (D) intensities as a func- 
tion of stimulus similarity for the first and second 
halves of all but the first four trials to criterion 


TABLE 3 


Error.ess TRIALS, AND ERRORS FOR 
48 Motor Learninc TRIALS 














Rete Trials Errors 
Group 

Mean SD Mean SD 
VL-9 31.0 4.4 21.2 6.9 
VL-11 32.0 3.0 19.8 4.1 
VL-O0 36.3 4.0 14.4 6.2 
SD-9 29.8 7.7 24.3 12.6 
SD-11* 29.9 4.5 24.4 8.1 
SD-0* 31.1 6.8 22.5 10.8 
S-9 28.2 8.5 27.9 14.5 
S-11f 27.9 6.8 28.5 13.7 
S-0t 23.0 8.0 36.7 14.6 
Cc 18.9 4.9 44.3 9.8 

















* Means and SD’s for combined groups SD-11 and 
SD-0 are 30.5 and 5.8 (errorless trials) and 23.4 and 9.6 
(errors). 

T Means and SD's for combined groups S-11 and S-0 
are 25.4 and 7.5 (errorless trials) and 32.6 and 14.8 
(errors). 


equivalent amounts of premotor expe- 
rience, combined means for these pairs 
have also been computed. In Fig. 4 
mean errorless trials and mean errors 
have been plotted as functions of level 
of verbal learning or amounts of seeing- 
and-discriminating or seeing experi- 
ences. Group VL-O0 had more error- 
less trials and fewer errors than either 
the other verbal learning groups or the 
seeing-and-discriminating, seeing, and 
control conditions. All groups with 
premotor experiences performed at a 
higher level than Group C. Amount 
of seeing-and-discriminating or seeing 
experience, however, had little appar- 
ent effect on motor learning. 
Differences among mean errorless 
trials and errors for the nine premotor 
experience groups were tested by 
means of 3 X 3 factorial analyses of 
variance (3). These analyses per- 
mitted the rejection of the null hypoth- 
esis with respect to differences among 
both errorless trial and error means 
for all nine groups and for the three 
different premotor treatments at or 
beyond the 1% level for appropriate 
df (Table 4). Further analysis of the 
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between-groups sum of squares into 
sources of variation based on types of 
premotor experience, amounts of pre- 
motor experience, and interaction of 
types and amounts resulted in signifi- 
cant F’s only for types of premotor 
experience. 

When pairs of errorless trial and 
error means were then compared by 
one-tail #’s the following results were 
obtained: (a) for both performance 
measures VL-O was superior to the 
achievement of all other groups singly 
or when combined (#’s from 1.95 to 
8.25 with corresponding 7’s from .05 
to <.01 for appropriate df); (b) with 
the exception of comparisons with S-0, 
the Ss of the control group were sig- 
nificantly inferior with respect to both 
trials and errorless trials to those who 
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Fic. 4. Mean errorless trials and errors 
for 48 learning trials for each type of premotor 
learning experience as a function of degree of 
verbal learning mastery or of seeing-and-discrim- 
inating or seeing experiences 
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had premotor experience (#’s from 
2.81 to 8.25, all significant at the 1% 
level for appropriate df); and (c) dif- 
ferences among the remaining condi- 
tions either failed to reach the 5% 
level of significance, were inconsistent 
for errorless trial and error measures, 
or were inconsistent for comparisons 
involving single and combined groups. 

In Fig. 5 the first incorrect or gener- 
alized motor responses to each inten- 
sity for both halves of motor learning 
have been plotted as functions of stim- 
ulus similarity. Selection of an incor- 
rect switch was considered a general- 
ized motor response. Because type 
rather than amount of premotor expe- 
rience was significantly related to rate 
of motor learning, data for each of the 
three groups which had different 
amounts of the same premotor experi- 
ences were combined to obtain the 
curves for the verbal learning, seeing- 
and-discriminating, and seeing condi- 
tions. In all curves ordinate values 
are generalized responses computed as 
percentages of correct responses. 

In general, again assuming equality 
of abscissa differences, both first- and 
second-half trends for each of the 
combined premotor experience groups 


TABLE 4 


ANALYSES OF VARIANCE FoR MEAN ERrorLess 
Triats AND Mean Errors 














Source ie F 
Errorless trials 
Groups 8 120.68 Bo ag 
Types 2 342.88 7.75* 
Amounts 2 3.31 
Interaction + 68.27 
Error 81 44.22 
Errors 
Groups 8 386.76 2.97* 
Types 2 1194.74 9.17* 
Amounts 2 74 
Interaction 4 189.93 
Error 81 130.32 














* Significant at the 1% level. 
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Fic. 5. Percentages of generalized motor responses to each of the four intensities as a function 
of stimulus similarity for each type of premotor learning experience for the first and second halves 


of the 48 motor learning trials 


appear to be negatively accelerated 
functions of decreasing similarity be- 
tween the eliciting stimulus and the 
stimuli for which the generalized 
responses were correct. The first- and 
second-half gradients about each inten- 
sity for the combined verbal learning 
groups appear steeper than comparable 
gradients for the combined seeing-and- 
discriminating groups, which in turn 
seem to have slightly higher slope 
values than comparable trends for the 
combined seeing groups. Without ex- 


ception, the first-half gradients about 
each of the four intensities for each of 
the three combined groups are less 
steep than the second-half trends. 
Since they were based on fewer correct 
and more generalized responses, the 
gradients about the middle intensities 
are less steep than corresponding sec- 
tions of the trends for extreme values. 

For the control group the curves 
about each intensity for both halves 
are less steep than comparable first- 
and second-half curves for the pre- 
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motor experience groups. While sec- 
ond-half trends appear negatively 
accelerated, this is not the case for 
first-half gradients about the next 
darkest and brightest stimuli. With 
the exception of the gradient about 
the least intense light the second-half 
trends are somewhat steeper than cor- 
responding ones for the first half. 
Unlike the curves for the premotor 
experience conditions, there is no sug- 
gestion of less steep gradients about 
the middle intensities. 


Discussion 


Verbal learning —The upward-down- 
ward trend of generalized responses to the 
11/12 criterion was consistent with 
Gibson’s (5) hypothesis and with subse- 
quent experimental findings (6).‘ 

On the basis of the principle of primary 
stimulus generalization it would be pre- 
dicted that each of the similar stimuli of 
a task should evoke the responses to the 
other stimuli. Further, the greater the 
similarity of two or more stimuli the 
greater the likelihood of each stimulus 
evoking responses to other stimuli. In 
accordance with these expectations each 
of the four stimulus intensities elicited 
the correct responses for each of the other 
stimuli. More significantly, the greater 
the similarity of intensities the greater 
the tendency for each intensity to evoke 
the responses to other intensities. It was 
also observed that the gradients about 
the extreme intensities were steeper than 
those about the intermediate values. A 
possible explanation of this finding stems 
from the fact that generalization of 
responses to the two intermediate inten- 
sities was from two adjacent stimuli one 
step removed and a third two steps 
removed in contrast to generalization to 
extreme stimuli of responses to intensities 
one, two, and three steps distant. Thus, 
the greater net strengths of generalized 


*Recently Norris and Arnoult (13) have 
reported findings which suggest that the present 
results and Gibson’s may be dependent on a pro- 
cedure which permits omissions. 
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responses to intermediate stimuli than to 
the least and most intense lights should 
lead to the observed relationship of more 
frequent generalized responses and less 
frequent correct responses to intermedi- 
ate values. Because knowledge of the 
shapes of stimulus generalization gradi- 
ents about varying intensities is still 
uncertain, it appears premature to 
attempt more quantitative explanations. 

Motor learning —When compared with 
the performance level of the control 
group, warm-up in the form of seeing 
stimuli, the activation of pre-experi- 
mentally acquired discriminative verbal 
responses by means of instructions to see- 
and-discriminate, and the acquisition of 
experimentally introduced discriminative 
verbal responses apparently facilitated 
the acquisition of discriminative motor 
responses. However, statistical analysis 
indicated that only overlearning of experi- 
mentally introduced discriminative verbal 
responses had apparent significant posi- 
tive transfer effects over and above 
facilitation attributable to comparable 
amounts of prior habit arousal or of 
warm-up.§ 

The failure to obtain greater facilita- 
tive effects from verbal learning to the 9 
of 12 and 11 of 12 levels of mastery may 
have been due to the fact that the newly 
acquired verbal responses were not suffi- 
ciently strong to compete with the pre- 
experimentally established discrimina- 
tions, and hence were not operative 
during motor learning. Also, as motor 
learning progressed, they may have been 
weakened by the dissipation of inhibitory 
processes (5). 

Motor performance levels did not in- 
crease within the range of from 50 to 80 
seeing-and-discriminating or seeing expe- 
riences. Thus, it appears likely that 
maximum facilitative effects attributable 


5 In a check experiment a second VL-O group 
proved superior to other conditions. However, 
Holton (9) employed essentially similar pro- 
cedures and did not obtain a VL-O motor per- 
formance level which would have been statisti- 
cally significant in the present study. Accord- 
ingly, despite the statistically significant superi- 
ority of VL-0 reported here, more definite conclu- 
sions should await additional data. 
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to these processes are reached at or 
before 50 of such experiences. Because 
the seeing-and-discriminating and seeing 
treatments have such marked facilitative 
effects, however, their explicit introduc- 
tion as controls for the assessment of the 
influence of experimentally acquired ver- 
bal discriminations would seem a desir- 
able procedural refinement. 

With respect to the mechanism of 
acquired distinctiveness, the present 
results seem corroborative not only be- 
cause of the greater facilitation attribut- 
able to verbal overlearning, but also 
because it appears tenable to assume that 
seeing-and-discriminating arouses pre- 
experimentally acquired discriminative 
verbal labels. Further, although not 
checked explicitly herein, it appears likely 
that seeing stimuli may have also acti- 
vated prior discriminative habits. 

If it is assumed that there was decreas- 
ing verbal involvement in the verbal 
learning, seeing-and-discriminating, see- 
ing, and control conditions respectively, 
additional indirect support for acquired 
distinctiveness is provided by the finding 
that the gradients of generalized responses 
about each intensity for combined verbal 
learning, combined seeing-and-discrimi- 
nating, combined seeing, and control 
treatments appeared to be of decreasing 
steepness. 


SUMMARY 


The problem investigated was whether differ- 
ent degrees of acquisition of experimentally intro- 
duced discriminative names for similar light 
intensities would prove a significantly more 
effective means of facilitating the subsequent 
learning of discriminative motor habits than cor- 
responding amounts of activation of pre-experi- 
mentally acquired discriminative verbal responses 
or of warm-up. 

One hundred undergraduate students were 
randomly assigned to one of ten conditions. 
Three groups learned different nonsense-syllable 
responses to each of four light intensities to three 
levels of mastery prior to 48 motor learning trials 
in which discriminative switch-selection responses 
to lights were to be acquired. Three groups had 
comparable amounts of premotor experiences in 
seeing-and-discriminating among the intensities, 
and three additional groups had parallel amounts 
of seeing or warm-up experiences. The Ss in the 
tenth group were not exposed to the light stimuli 


prior to their introduction to the motor discrimi- 
nation task. 

All premotor experience groups learned the 
motor task with more errorless trials and fewer 
errors than the control group. The motor learn- 
ing performance of the verbal learning group 
which had the greatest mastery of discriminative 
verbal responses prior to motor learning was 
significantly superior to the achievements of 
remaining premotor experience groups. In gen- 
eral, differences among the remaining verbal 
learning, the prior habit arousal, and warm-up 
groups were not statistically significant. 
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DISTRIBUTION OF PRACTICE PRIOR TO SOLUTION OF A 
VERBAL REASONING PROBLEM! 


A. B. SHAKLEE AND B. EDSON JONES 


University of Denver 


Our knowledge concerning distribu- 
tion of practice on tasks which require 
higher order thought processes rather 
than more strictly rote memorization 
is founded on a small number of 
studies. The investigations tradition- 
ally cited in this connection and some 
more recent ones have dealt with: 
mechanical puzzle learning, Cook (1), 
Ericksen (4); artificial language, Gar- 
rett (5); concept formation, Oseas and 
Underwood (9); and the development 
of negative sets through practice on a 
series of similar rational problems, 
Kendler, Greenberg, and Richman (6). 
All of these, with the exception of 
Oseas and Underwood, claimed an 
advantage for massed practice. 

Although these studies are listed as 
a group, one cannot assume a high 
degree of communality in the tasks 
employed. The names of the tasks 
suggest some gross differences, and 
examination of the materials suggests 
others. The problem box used by 
Ericksen seems to involve a large ele- 
ment of chance in obtaining the first 
solution. With Cook’s puzzles, chance 
factors could conceivably be important 
in the first solutions by at least some 
Ss. Furthermore, the various tasks 
probably differ considerably in the 
extent to which negative sets influence 
performance. 

Study of the literature suggests that 
there have been no experiments on dif- 


1The authors are greatly indebted to Mr. 
D. G. Brown, Dr. J. E. Greene, Mr. W. C. Miller, 
and Mr. G. L. Thornton who helped with the 
collection of the data. Without this assistance 
the study would not have been possible. The 
manuscript has profited from the critical reading 
by Mr. W. C. Miller. 


ferent ways of distributing practice as 
related to the solution of a single 
deductive-type problem. This is not 
too surprising in view of the scarcity 
of evidence of any kind relating to 
deductive tasks (7). 

It seems also that distribution of 
effort applied to a problem prior to its 
first solution has not been investi- 
gated. To do this requires a practice 
schedule somewhat different from 
those commonly used in distribution 
experiments. Furthermore, as Under- 
wood (10) points out, published work 
on problem solving (1, 4), as differen- 
tiated from concept formation, has 
compared massing with only one dis- 
tributed condition. This raises ques- 
tions concerning the shapes of distri- 
bution curves which might be obtained 
where several distribution conditions 
were investigated. 

The present study seeks to deter- 
mine the effects of three degrees of dis- 
tribution of practice prior to first 
solution of a deductive-type problem. 
It was decided that the problem used 
should conform as closely as possible 
with the following criteria: (a) be 
relatively free from mechanical manip- 
ulation, (b) be difficult to recall in its 
essential details, (c) possess sufficient 
variables and answers to minimize the 
probability of solution by chance, (d) 
minimize deliberate sets that would 
inhibit solution, and (¢) be sufficiently 
difficult that no S would solve it in the 
first few distributed trials. 

A preliminary and a main experi- 
ment were conducted. In the former, 
Ss were assigned on a nonrandom 
intact-group basis. The results of 
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this study were sufficiently suggestive 
to justify a more extensive investiga- 
tion, with randomly assigned groups 
working simultaneously in different 
testing rooms. 


PRELIMINARY EXPERIMENT 


Method 


Subjects—The Ss were 185 students enrolled 
in eight psychology classes at the University of 
Denver. They were assigned to three experi- 
mental conditions as intact classes. 

Procedure.—All tests were administered on a 
group basis. The Ss of Group I were instructed 
that they would be given, in turn, two mimeo- 
graphed reasoning problems to solve. On the 
first problem, herein referred to as the ‘‘Professor 
Problem,” they were allowed 15 min. of massed 
practice. Correct solutions were accepted even 
though S may have needed more than one at- 
tempt to arrive at the correct answer. Guessing 
was discouraged by telling Ss that the number of 
attempts would be a factor in their score, and 
that incorrect attempts would be recorded by a 
tally on their paper. Such tallies were actually 
made in ink, but were not considered in scoring 
the problems. As each S solved the problem, his 
paper was collected and the time required for 
solving was recorded. The purpose of this first 
problem was to furnish a method for equating 
the three groups on a task which presumably 
would be correlated with the experimental prob- 
lem. Immediately after the “Professor Prob- 
lem,” the second, or “Senator Problem,” was 
passed out and Ss were allowed 20 min. of massed 
practice under identical procedures. 

Group II followed the same procedure with 
the exception that they received distributed prac- 
tice on the “Senator Problem.” They were 
instructed that they would have 1 min. to work 
on the problem, and then a 30-sec. rest interval, 
after which they would have another minute to 
work on the problem. They were told that this 
procedure would be repeated several times. The 
Ss were requested to do their best to avoid prac- 
ticing during rest intervals. ‘Twenty trials were 
given. Group III followed an identical pro- 
cedure with the exception that the rest intervals 
were 4 min. 

When several Ss raised their hands at approxi- 
mately the same time to indicate attempted solu- 
tions, the times were immediately jotted down 
by Es in order to have an accurate measure for 
answers proving correct. Although in the dis- 
tributed conditions Es often checked some 
answers during the first part of rest intervals, 
there was apparently no greater chance of over- 
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looking Ss offering solutions in the massed condi- 
tion than in the distributed ones. The Ss were 
required to keep their papers face down during 
rest intervals, even while waiting to be checked. 
Close observation was maintained to prevent Ss 
from receiving help from neighbors. All indica- 
tions were that this check was equally effective 
for each group. 

Problems.—Both problems involved deductive 
processes and were of a type frequently encoun- 
tered in puzzle anthologies. It is not suggested, 
however, that the problems were strictly deduc- 
tive or even that deductive elements could be 
separated in any clear way from the other thought 
processes involved. The two problems were spe- 
cifically constructed for the purposes of this study 
in order (a) to insure closer agreement with the 
criteria listed earlier, and (b) to obviate the possi- 
bility of Ss’ familiarity with materials. 

The nature of the problems, and what is here 
meant by “deductive processes,” can best be 
understood by example. Accordingly, the 
“Senator Problem” is given below. 


In Washington, D. C., Senators Smith, 
Johnson, Jones, Miller, Jackson, and Robin- 
son represent, but not respectively, the 
states of Oregon, California, Nevada, Idaho, 
Arizona, and Utah. All six of the senators 
live in the same hotel, but each resides on a 
different floor. The hotel has six floors. 

The senators from Arizona and Utah are 
good friends and live on adjacent floors. 
The senator from Utah occupies the higher 
of the two adjacent floors. 

Smith currently has a bill before the Sen- 
ate and often goes down to the fourth floor 
to the Idaho senator’s room to discuss the 
bill. 

Jones must go up to get to any of the 
other senators’ rooms. 

Sometimes Jackson walks up four floors 
from his room to see the senator from Ne- 
vada. When Smith goes down to see Idaho’s 
senator, who lives two floors above the sena- 
tor from Utah, he never stops by to see 
Johnson. 

Miller and the senator from Idaho belong 
to opposing political parties, but they both 
go up sometimes and talk with the senator 
from Oregon. 

Match each senator with the state he repre- 
sents. (The S is provided with a list of 
senators in the order given first above.) 


RESULTS 


The numbers of Ss solving both 
problems were: Group I, 22; Group II, 
12; and Group III, 5. The total N’s 
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in these’ groups were 85, 72, and 28, 
respectively. For Groups I and II 
the rho’s between time scores on the 
two problems were +.29 and +.13. 
The scatter plots showed no apparent 
curvilinearity. Using Old’s table of 
critical values of rho (3), it is appar- 
ent that one cannot reject at the .05 
level the hypothesis of independence 
of the variables. In order to obtain 
estimates of significance of correlation 
based on all Ss in a given condition, 
fourfold tables on passed-failed infor- 
mation for each problem were con- 
structed for each group. Chi squares 
of 2.77, %29, and 2.05 indicated no 
significant relationship at the .05 level. 
In the light of these results it was not 
feasible to use the “Professor Problem” 
to match the groups. Although the 
degree of homogeneity in the Ss tested 
is perhaps related to the lack of sig- 
nificant correlations, it is interesting 
to note that there was, nevertheless, 
great intersubject variability on both 
problems. Recent work in concept 
formation (9) has also yielded very 
low correlations for tasks purposely 
selected to have high communality. 

The “Senator Problem” yielded cat- 
egorical information with respect to 
whether or not the problem was solved 
and also offered time scores for those 
solving it. Percentages of Ss solving 
in Groups I, II, and III were 42, 25, 
and 42, respectively. Chi square re- 
vealed a superiority of Group I over 
Group II significant at the .05 level, 
and a difference between Groups II 
and III, in favor of the latter, signifi- 
cant at the .10 level. 


Main EXPERIMENT 
Method 


Subjects—The Ss were 300 students in psy- 
chology classes at the University of Denver. 
Stated ages were obtained from all but four of 
these. The over-all mean and SD were 21.2 
and 5.5 yr., respectively, with the individual 


groups not significantly different at the .20 level. 
Precautions were taken to avoid testing a second 
time those Ss who were registered in more than 
one of the classes used in this or the preliminary 
experiment. The 134 men and 166 women were 
separately assigned at random to the three exper- 
imental conditions. In the case of two Ss, 
where a possible exchange of information was 
suspected, it was decided to eliminate their 
papers before knowing whether they would solve. 
Absences on the experimental day, after groups 
had been assigned, explain the remaining depar- 
ture from equal N’s in the various groups. 

Procedure——With the following exceptions, 
the procedure for this experiment was the same 
as in the preliminary study. 


1. Group III had a 90-sec. rest interval between 
trials. This yielded the most extreme degree of 
distribution that could be studied in the frame- 
work of a 50-min. class period. 

2. Due to the unserviceability of the ‘‘Pro- 
fessor Problem” as a matching device, only the 
“Senator Problem” was used. 

3. Introspective data concerning practice dur- 
ing rest intervals were obtained after problems 
had been collected. This information was gath- 
ered from the last 108 Ss randomly assigned to 
the two distributed conditions. They were told 
that it was realized that they might have found 
it difficult to follow instructions not to practice. 
It was explained that it would be valuable if they 
would indicate (a) whether they were aware of 
having practiced during rest intervals, and (b) if 
so, whether the practice had seemed to help. 


RESULTS 


Table 1 indicates that the 30-sec. 
distribution group performed signifi- 
cantly less well than either of the other 
groups, as measured by percentage 
solving. The difference between the 
massed and the 90-sec. conditions was 
not significant. In terms of solution 
times the three groups did not differ 
significantly. The Bartlett test for 
homogeneity was not significant and 
the F ratio was less than unity. 

Of the 54 Ss questioned in each dis- 
tributed condition, many reported 
practice during the rest intervals. 
Smaller numbers estimated that this 
practice had helped. The table of 
Mainland and Murray (8) indicated 
that Groups II and III differed signifi- 
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TABLE 1 
Percentaces or Ss Sotvinc THE ProsLemM UNDER DirrereNntT Conpitions—Main Experiment 
Time to Solve 
Degree of Distribution N Solving x ? 
Mean SD 
Massed 102 841.9 170.5 42 
30-sec. rest 98 873.1 192.2 26 oe <= 
90-sec. rest 100 883.1 214.2 39 P . 























cantly in terms of reported rest interval 
practice (cf. Table 2). Reports that 
practice had helped did not differ sig- 
nificantly for the two groups at the 
05 level. 

It was possible to compare the groups 
in terms of frequency of attempted 
solutions by counting the ink tallies 
Es had made on the papers. Consid- 
ering separately those Ss who solved, 
and those who did not solve the prob- 
lem, the obtained frequencies show in 
each case a trend toward increased 
submitting of incorrect answers with 
greater distribution of practice. The 
chi square for frequency of submitting 
one or more incorrect solutions by 
those who did not solve is significant 
at the .001 level. For Ss who solved, 
chi square cannot be computed from 
the threefold table because of small 
expected frequencies. Therefore, the 
results were condensed into a 2 X 2 
table comparing the massed condition 
with the two distributed conditions 
combined. Fisher’s exact treatment 


TABLE 2 


Reports or Ss ConceRNInG PRAcTICE 
Durinc Rest INTERVALS 














Degree of No. —. 
Distribution N ees Practice 
30 sec. 54 20 4 
90 sec. 54 32 8 

? <.05 >.05 














of a 2 X 2 table yields in this case a p 
of .006 (cf. Table 3). 


Discussion 


Even though the preliminary experi- 
ment used intact classes and the main 
experiment random groups, percentages 
of Ss solving are consistent in terms of 
direction of group differences and also in 
degree. The fact that there were signifi- 
cant differences in terms of frequency of 
correct solutions, but not in terms of time 
scores, seems related to the suggestion 
that varying degrees of distribution are 
less sensitively reflected by rate of learn- 
ing than by other measures (2). Other 
comparisons discussed below will refer to 
the main experiment unless the sense of 
the statement dictates otherwise. 

Differences in methodology between 
this and related studies should be men- 
tioned. For one thing, the phase of 
problem solving at which distribution of 
practice was introduced, makes the pres- 
ent results quite uncomparable to pre- 
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vious ones. Furthermore, the decision to 
study distribution prior to solution neces- 
sitated an unusual design for spacing 
practice, where Ss in a group varied con- 
siderably in the number of practice ses- 
sions received. The number of trials for 
an S depended on when he solved the 
problem. It is interesting to note that 
even the most proficient Ss in the two 
distributed conditions did not solve until 
their eighth practice trial. The total 
working times for fastest solvers in the 
30-sec. and 90-sec. conditions were 465 
sec. and 479 sec., respectively. The most 
rapid solution for the massed condition 
was 510 sec. 

Another .variation between this and 
most other studies is that the massed 
condition had no timed interruptions 
such as are usually obtained in the pauses 
between successive trials. A worth-while 
dimension to add to an investigation of 
this type would be the effect of very brief 
interruptions of the massed condition 
(e.g., 20 2- or 3-sec. pauses). It would 
be desirable to use this and other treat- 
ments to shed some light on possible in- 
fluences of frustration, for example. 
Behavior of Ss while working on the 
problem and their questions, even days 
later, pointed to extremely high motiva- 
tion. As might be predicted, practice 
interruptions in the distributed groups 
seemed to produce marked frustration. 
Following experimental sessions many Ss 
spontaneously remarked that they had 
felt these interruptions to be a real handi- 
cap. After observing these signs of frus- 
tration one might have been tempted to 
predict an even larger handicap from dis- 
tribution. Although differences were 
obtained, perhaps more striking than 
these are the marked degrees of overlap 
between conditions, which necessitated 
quite large N’s for the demonstration of 
differences significant at the levels cited. 

The difference between the introspec- 
tive reports of the 30- and 90-sec. groups 
is not out of keeping with accounting for 
the performance differential in terms of 
practice during rest intervals (Table 2). 
At the same time, these results do not 
constitute a verification of such a hy- 
pothesis. In planning the study it was 


decided to consider possible practice dur- 
ing the interval as an integral feature of 
the dimension of distribution. Basic to 
this decision was the difficulty in differen- 
tiating between simple prevention of 
practice on the one hand, and inhibitory 
or facilitating effects on the other, which 
could have resulted from activity used to 
fill the interval. The second criterion 
used in selecting the problem to be solved 
was for the purpose of at least limiting 
effective practice during rest intervals. 
Our early anticipation that Ss could re- 
port very little practice during rest has 
been shown clearly in error by the above 
finding. 

Another aspect of rest interval activity 
was an apparent tendency in certain Ss in 
the distributed groups to raise their hands 
more frequently upon being notified of 
termination of work periods than would 
be expected from a regular distribution 
of such responses over the interval in 
question. However, the greater use of 
rest periods for checking answers does 
not necessarily indicate that the dis- 
tributed groups used less of the work 
time for checking than did the massed, 
since the former groups submitted more 
answers. The possibility of a slight dif- 
ference between conditions here appears 
negligible in the over-all interpretation, 
in view of the fact that mean solving 
times were numerically, though not sig- 
nificantly, greater with increased distri- 
bution. It would have been possible to 
prevent the use of rest time for checking, 
by instructing Ss in the distributed con- 
ditions that their answers would not be 
examined once a rest interval had started. 
This, however, might have created more 
serious problems in terms of distraction 
and frustration. 

The trend showing more frequent sub- 
mitting of incorrect answers with in- 
creased distribution may be understood 
partly in terms of the tendency of some 
Ss to offer solutions when notified of the 
start of rest intervals. However, this 
does not necessarily completely account 
for the results. There were 22 more Ss 
in Group III than in Group II submitting 
one or more incorrect answers, whereas 
both Es present in all testing of the 90- 
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sec. condition recalled that no more than 
2 or 3 Ss had offered answers later than 
the first 30 sec. of the rest intervals. 
Among other possible influences, it may 
be that since total experimental time 
increased as distribution became greater, 
this allowed for more forgetting of the 
proposed penalty for guessing. More 
complete investigation of the factors in- 
volved here is needed. 

One of several hypotheses discussed by 
Underwood (10) to account for Cook’s 
(1) and Ericksen’s (4) results is the plaus- 
ible suggestion that the advantage for 
massing may have been due to the very 
long distribution intervals. If this were 
the case, it would be unnecessary to pos- 
tulate, as do several writers, a different 
distribution of practice curve for problem 
solving from what has usually been found 
in other learning situations. The pres- 
ent results clearly establish an advantage 
for massing as compared to a very short 
distribution interval. 


SUMMARY 


The effects of distribution of practice on a 
rational problem were studied. In the main 
experiment 300 college students each received a 
total of 20 min. of practice under one of the 
following conditions: massed; 60 sec. work, 30 
sec. rest; and 60 sec. work, 90 sec. rest. Distri- 
bution of practice occurred prior to first solution 
of the problem. The results indicated the follow- 
ing conclusions. 


1. In terms of number of Ss solving the prob- 
lem, the 30-sec. distribution group was inferior to 
both the massed and the 90-sec. conditions. The 
massed and 90-sec. groups were not significantly 
different. 

2. Time scores for those Ss solving did not 
differentiate between groups. 

3. Two deductive-type problems used in the 
preliminary study specifically because of their 
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subjective similarity showed no significant rela- 
tionship in subject performance in any of the 
groups. 

4. There was a significant positive relation- 
ship between length of rest interval and frequency 
of Ss in a group who offered one or more incorrect 
problem solutions. This held true both for those 
who: solved and those who did not solve the 
problem. 
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AMOUNT SET AND THE LENGTH-DIFFICULTY 
FUNCTION FOR A SELF-PACED 
PERCEPTUAL-MOTOR SKILL! ? 

CLYDE E. NOBLE 
Perceptual and Motor Skills Research Laboratory, Human Resources Research Center 


A number of studies of the phe- 
nomenon of amount set in human motor 
performance have indicated an inverse 
relationship between initial response 
strength or rate and the anticipated 
magnitude or length of the activity 
(3, 4, 10). Descriptively, effortful 
situations seem to elicit energy-conser- 
vation behavior on the part of Ss 
confronted with increasing outlays of 
work. 

Previous research has utilized two 
classes of activity: (a) apparatus 
requiring substantial muscular effort, 
such as a dynamometer (10) and a 
manual crank (3); and (6) computa- 
tional problems, like simple addition 
(1, 2,5). The “motor” studies have 
shown consistent results, but when the 
“mental” skill was investigated over 
short ranges there was a reversal of 
the usual effect. Paradoxically, it is 
this apparent exception which consti- 
tutes the classical Bills-Brown experi- 
ment (2), from which the phenomenon 
derives its name. 

The present experiment is con- 
cerned with the effect of extensive 
variation in quantitative sets on per- 
formance on a self-paced psychomotor 
apparatus, the Complex Coordination 
Test (cf. 7). It is known (11) that 
skill on this device is relatively unim- 


1 The experimental work for this study was 
performed as part of the United States Air Force 
Human Resources Research and Development 
Progrant. The opinions or conclusions contained 
in this report are those of the author. They are 
not to be construed as reflecting the views or 
endorsement of the Department of the Air Force. 

2 $/Sgt. R. B. Card supervised the experiment 
and the statistical analyses. 


paired by work or inhibitory factors 
as compared, say, with the manual 
crank apparatus (3). Less effortful, 
paced situations, such as the Rotary 
Pursuit Test and the Two-Hand Coor- 
dination Test (cf. 7), also produce 
greater response decrements than does 
the Complex Coordination Test. 
Hence, the present apparatus should 
provide a limiting case for what we 
may term the effort or energy-conser- 
vation hypothesis of set effects. 

The Complex Coordination Test is 
well suited to an analysis of perceptual- 
motor skill into unitary task com- 
ponents. The writer has recently 
developed a scale of pattern difficulty 
(8) and identified some of the relevant 
physical variables (9) in performance 
on this device. These studies facili- 
tated the design of the present study. 

It was shown that the requisite skill 
is primarily a matter of imitating each 
of the three display “movements” with 
the appropriate control. Given task 
presentation by paired associates with 
an invariant sequence, it was reason- 
able to find movement amplitude as 
the primary source of difficulty. 
Furthermore, since the control-display 
relationships are, except for the ele- 
vator, positively correlated or “nat- 
ural” (previously acquired), it follows 
that little habit interference should 
develop among S-R components in 
Complex Coordination tasks of vary- 
ing length. Characteristic of such a 
“noncompetitional” skill, therefore, 
one would expect a linear length-diffi- 
culty relationship. This theoretical 
function, it may be noted, is distinct 
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from the curvilinear one typically ob- 
served in verbal and maze learning 
situations (cf. 6) in which the succes- 
sive acts in a serial chain compete 
with each other for order of appear- 
ance. Sequential learning problems, 
internally considered, are “competi- 
tional” in nature. 

The purpose of this experiment is 
twofold: (a) to test the effect of a wide 
range of amount sets on initial per- 
formance, and (bd) to determine a pro- 
visional length-difficulty function for 
psychomotor skills of this type. 


PROCEDURE 


Apparatus.—Model E of the standard AAF 
Complex Coordination Test CM 701 (7) was 
modified to provide detachable connections 
among the three signal banks. Briefly, the ap- 
paratus consists of three parallel banks of 13 red 
and green signal lamps, a control stick for aileron 
(A), elevator (E), and a rudder bar (R). The 
S’s problem is to align or “match” successively 
presented A-E-R patterns of red (stimulus) 
lamps with green (response) lamps by means of 
appropriate stick and rudder manipulations. 
When a match is correctly made and maintained 
for .5 sec., a stepping relay advances automati- 
cally to a new A-E-R pattern. This procedure is 
repeatable indefinitely for any desired length of 
task. 

Forty stimulus patterns of known absolute 
difficulty (8) were arranged in a random se- 
quence. An accessory selector switch permitted 
any number from 5 to 40 consecutive patterns 
to be presented and terminated automatically. 
Alternately-energized Standard Electric clocks 
(S-1) recorded the time per match for individual 
A-E-R combinations, and rest periods of 2 min. 
were given between tasks. Calibration pro- 
cedures regarding time delay, effective scoring 
area, control travel, and spring compression were 
followed as described previously (9). 

Subjects.—One-hundred sixty basic airmen, 
split equally and without bias into experimental 
and control groups, comprised the sample. None 
of the Ss reported prior experience with the task. 

Method.—Eight task lengths were investi- 
gated: 5, 10, 15, 20, 25, 30, 35, and 40 matches. 
The experimental design utilized a basic 8 X 8 
treatments X Ss cycle (N = 8), in which the 
interaction of treatment (task length) and order 
(facilitative or decremental) effects was con- 
founded with individual differences. A-E-R pat- 
tern difficulty was also equalized among task 
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conditions, thus permitting unbiased comparisons 
of the treatment means. 

This basic counterbalanced design was then 
replicated ten times for each group (N = 80). 
The two groups differed only in that the experi- 
mental (set) Ss were informed of the exact num- 
ber of matches (35, 10, etc.) that awaited them, 
whereas the controls (no-set) were not given this 
information. Modified AAF instructions (cf. 7) 
were provided, followed by two demonstration 
matches by £. Each S was then permitted to 
make five matches for familiarization purposes. 


RESULTs AND Discussion 


Figure 1 shows a comparison of first 
responses in the experimental and con- 
trol groups for each of the eight tasks. 
The response measure is the mean of 
the median initial match scores for the 
ten replications. Complex Coordina- 
tion scores are characterized by 
skewed, multimodal frequency distri- 
butions. However, means of sub- 
sample medians have been found 
empirically to be linearly related to 
general medians, which have a fairly 
symmetrical distribution. First re- 
sponses are taken since the principal 
effect of amount set has been observed 
to be an initial one. 

An 8 X 2 analysis of variance was 
set up for the data in Fig. 1, in which 
the two row effects are confounded 
with group sampling differences. For 
the purpose of trend tests, each cell is 
considered to contain ten measures, 
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where each score is actually a com- 
posite (median) of eight raw scores 
with order effects completely counter- 
balanced. A summary is presented in 
Table 1. 

The null hypothesis that the trends 
of Fig. 1 are parallel is tested by 
op c/o ere), giving an F of 1.05 
which is not significant (p > .05). 
In other words, the differences between 
the control and experimental groups 
are equal except by chance for all 
values of anticipated task length. 
Therefore, there is no interaction be- 
tween task length and amount set. 

The hypothesis that the two groups 
in Fig. 1 coincide is evaluated by 
o* n/a error (6), Which yields an F of 
1.29. This ratio is also not significant 
(p > .05), indicating that the effect of 
set averaged over all conditions of task 
length is negligible. 

Finally, a test of “‘no trend” in the 
average effects of task length is given 
by 07 ¢/e° error (w)- This ratio yields an 
F less than 1.00, which is consistent 
with the hypothesis that initial per- 
formance is equal for all tasks regard- 
less of amount set. By sustaining the 
null hypothesis in this case we have 
incidentally double-checked the as- 
sumptions regarding the equalization 
of order and pattern effects. 

Summarizing the foregoing analyses, 
there are no significant trends in the 


TABLE 1 


ANALysis OF VARIANCE OF INITIAL 
Response MEASURES 











Source of Variance df =. F 
Between Ss 
Set . 1 | 3.5730 1.29 
Error (b) 18 | 2.7727 
Within Ss 
Task length 7 | 1.3033 | <1.00 
Set X task length 7 | 1.8423 1.05 
Error (w) 126 | 1.7476 
Total 159 
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Fic. 2. The relationship between task difficulty 
and length of task 


initial match data attributable either 
to amount set, task length, or to their 
interaction. The data pertaining to 
the second, third, and fifth responses 
were also examined by the same tech- 
nique. Although the variability was 
greater, due to the sequential nature 
of the matches (8), the general results 
were the same. 

Figure 2 presents the length-diffi- 
culty function. The relationship is 
linear, as shown by the descriptive 
least-squares equation, 


Y = 9.92X + 1.75. (1) 


Extrapolation to the ordinate indi- 
cates a rational zero origin, since the 
average residual was 3.30 sec., which 
exceeds the intercept value of 1.75. 
Practically as good a fit can be ob- 
tained by starting the line at the origin 
and using a slope based on the average 
of all single matches. In this case the 
equation becomes 


Y = 9.955X. (2) 


On the ordinate of Fig. 2 is plotted 
mean median total task time, while 
the abscissa indicates length of task 
as in Fig. 1. The data for the experi- 
mental (set) and control (no-set) 
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groups were pooled to give a single, 
averaged function. Thus, each point 
from task length 5 to 40 represents the 
performance of 160 Ss. 

A trend analysis need not be carried 
out for the length-difficulty data since 
the slope is obviously significant. It 
is instructive, however, to test the 
goodness of the fit in Fig. 2. This is 
provided by the ratio 074/o7 error (ws 
where o?, is the variance estimate for 
the departure of the experimental 
points from the fitted linear regression 
line, and where the error term has the 
same meaning as that in Table l. 
Since we have computed two empirical 
constants in Equation 1, o*g will be 
based on 8 df less 2. For 6 and 126 
df, the resulting F is less than unity, 
indicating an excellent fit. Additional 
information is provided by the coeffi- 
cient of determination 1’, computed 
between the observed and calculated 
Y values. The proportion of total 
variance in task difficulty accounted 
for by the linear equation is .999. 


The findings shown in Fig. 1 and Fig. 2, 
therefore, verify the two hypotheses ad- 
vanced at the outset: (a) the effect of 
amount set on initial performance is neg- 
ligible; (4) the length-difficulty function 
is linear. From the present viewpoint, 
these results are consistent with previous 
research. In general, it is proposed that 
psychomotor skills involving considerable 
physical work will show an interaction 
between conditions of quantitative set 
and variations in length of task. Fur- 
thermore, as required effort is increased 
the interaction should rise in significance. 

This effect should also be revealed in 
the relationship between difficulty, de- 
fined by total task time, and task length, 
defined by number of components. The 
length-difficulty function is expected to 
originate at zero and to be linear over a 
wide range, but the slope parameters 
should vary positively with the amount 
of work involved. Variations in required 
effort are theoretically manipulable by 
re-engineering the physical work (force 
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X distance) characteristics within the 
components of the task. 

An example of such alteration in the 
case of the Complex Coordination Test 
would consist in increasing the spring 
compression or the arc travel of the appa- 
ratus controls. With A, E, and R move- 
ments more heavily loaded or greater in 
amplitude, the slope of the length-diffi- 
culty function should exceed the stand- 
ard task value of 9.92 determined in 
Equation 1. Judging from previous re- 
search (9), moreover, changesin amplitude 
requirements will prove more important 
than any modification of the force 
loadings. 

As a final note, the within-components 
source of variance should be distinguished 
from the among-components type. The 
former is thought to derive primarily 
from the work characteristics of a motor 
skill, while the latter mainly reflects its 
complexity mediated by habit interfer- 
ence. Work variations are expected to 
affect the steepness but not the linearity 
of the length-difficulty function. Varia- 
tions in complexity should change both 
slope and form. Under conditions of 
serial learning, for example, positive ac- 
celeration in difficulty with lengthening 
tasks is commonly reported (cf. 6). The 
present position regards curvilinearity as 
a special characteristic of a class of activ- 
ities which may be called “‘competitional” 
in nature. In comparison, the theory of 
“‘noncompetitional” skills should be rela- 
tively simple. 


SUMMARY 


The relationship between amount set and 
length of task in self-paced psychomotor per- 
formance was investigated in a low-work, “non- 
competitional” skill which would, by hypothesis, 
(a) be immune to variation in quantitative set, 
and (d) increase in difficulty proportionally with 
length of task. 

Eight task lengths were studied: 5, 10, 15, 
20, 25, 30, 35, and 40 matches, with 2-min. rests 
between successive tasks. One group (N = 80) 
was informed of the exact number of matches to 
be made during each task period, another (NV 
= 80) was not given this information. The 
results, in conformity with hypothesis, were: 

1. Analysis of variance tests of trend revealed 
no significant patterns in the initial performance 











the 


. the 
Test 
oring 
ppa- 
1\ove- 
er in 
diffi- 
-and- 
d in 
Is re- 
itude 
rtant 
force 


nents 
ished 

The 
iarily 
notor 
ts its 
erfer- 
ed to 
-arity 
V aria- 
both 
ns of 
ye ac- 
ening 

The 
ity as 
activ- 
ional” 
ory of 
e rela- 


et and 
or per- 
, “non- 
othesis, 
ive set, 
lly with 


10, 15, 
in. rests 
J = 80) 
tches to 
ther (NV 
n. The 
ere: 

revealed 
yrmance 











AMOUNT SET 439 


data attributable either to amount set, task 
length, or to their interaction. 

2. When difficulty (¥), defined by total task 
time, was plotted against length of task (X), 
defined by number of matches, a linear function 
was obtained. 

It was hypothesized that perceptual-motor 
skills involving greater physical work require- 
ments than the one investigated should not only 
reveal amount set-task length interaction, but 
should also be characterized by length-difficulty 
functions of increased slope. Unless there is 
substantial habit interference among the com- 
ponents in a given situation, difficulty is expected 
to be proportional to length of task, with the 
empirical slope parameter serving as an index of 
its effortfulness. 


REFERENCES 


1. Barmack, J. E. The length of the work 
period and the work curve. J. exp. 
Psychol., 1939, 25, 109-115. 

2. Bitts, A. G., & Brown, C. The quantita- 
tive set. J. exp. Psychol., 1929, 12, 
301-323. 

3. Biropeau, I. McD. Performance of an 
effortful task with variation in duration of 
prior practice and anticipated duration of 
present practice. J. exp. Psychol., 1953, 
46, 146-153. 


4. Katz, D. Gestalt laws of mental work. 
Brit. J. Psychol., 1949, 39, 175-183. 

5. Kruecer, W. C. F. The influence of 
amount limits and time limits upon the 
rate of work. J. appl. Psychol., 1937, 21, 
113-118. 

6. McGeocn, J. A. The psychology of human 
learning. New York: Longmans, Green, 
1942. 

7. Metton, A. W. (Ep.) Apparatus tests. 
AAF Aviation Psychology Program, Re- 
search Report No.4. Washington: U. S. 
Govt. Print. Off., 1947. 

8. Nose, C. E. A representative scale of 
difficulty in the Complex Coordination 
Test (CM 701 E). Hum. Resour. Res. 
Cent., Res. Bull., 1952, No. 52-41. 

9. Nosie, C. E. Some physical sources of 
difficulty in the Complex Coordination 
Test (CM 701 E). Hum. Resour. Res. 
Cent., Res. Bull. 1952, No. 53-7. 

10. Ross, S., & Bricxer, P. D. The effect of 
an amount-set on a repetitive motor task. 
J. exp. Psychol., 1951, 42, 39-43. 

11. Spence, K. W., Buxton, C. E., & Metton, 
A. W. The effect of massing and distri- 
bution of practice on the SAM Complex 
Coordination Test. Washington: Civil 
Aeronautics Administration, Division of 


Research, Report No. 53, 1945. 


(Received April 7, 1953) 











Journal of Experimental Psychology 
Vol. 46, No. 6, 1953 





TRANSFER OF TRAINING IN MOTOR LEARNING AS A 
FUNCTION OF DISTRIBUTION OF PRACTICE! 


VICTOR E. MONTGOMERY? 


Northwestern University 


The purpose of the present study 
was to investigate transfer from a first 
to a second motor task as a function of 
distribution of practice on both tasks. 
The study stems from a previous one 
(2), employing the same tasks, in 
which it was shown that positive trans- 
fer increased directly both with degree 
of learning of Task I and with degree 
of formal similarity between tasks. 
Although there has been much research 
on distribution of practice as a vari- 
able in learning (6), there is no infor- 
mation available as to the effect of this 
variable on transfer. 


EXPERIMENT [| 
Method 


Apparatus.—The Ss were required to learn 
six perceptual-motor paired associates. The 
stimuli were six different hues presented in ran- 
dom order on the same ground-glass screen. The 
response was the movement of a lever, held by 
the right hand, into any one of six radial slots. 
Various S-R combinations could be arranged by 
means of telephone jacks and sockets. Simul- 
taneously S held another lever with the left 
hand, which was essentially a steadiness test. 
Correct performance of the right-hand task was 


1 This is the second in a series of articles on 
transfer in motor learning. The research was 
performed under Air Force Contract No. 33 
(038)-11396 between the Aero Medical Labora- 
tory of the Wright Air Development Center, Air 
Research and Development Command, and 
Northwestern University. The contract was 
under the direction of Dr. C. P. Duncan and 
Dr. B. J. Underwood. The writer wishes to 
express his appreciation to the contract directors 
for their valuable suggestions and advice during 
the course of the study. 

2 Now at 656lst Research and Development 
Group (Perceptual and Motor Skills Research 
Laboratory), Human Resources Research Cen- 
ter, Lackland Air Force Base, San Antonio, 
Texas. 


contingent upon correct performance of the 
steadiness test. The apparatus was subject- 
paced, i.e., S could work as fast as he liked. The 
apparatus was set to provide, automatically, 20- 
sec. trials and 10-sec. intertrial rests. Separate 
recording of four response measures was possible: 
correct responses, shallow errors, and deep errors 
with the right-hand lever, and steadiness time 
with the left lever. A complete description of 
the apparatus may be found in the earlier study 
(2). 

Experimental design—The experiment was a 
3 X 3 factorial design with three degrees of dis- 
tribution of trials over days on both Task I and 
Task II. All Ss were given 36 trials on each 
task. The interval between tasks was 24 hr. 
The three degrees of distribution of trials over 
days for both tasks, and the group notations for 
Task I are as follows: 36 trials given all on one 
day (D-I); 18 trials a day on two successive days 
(D-II); 12 trials on each of three successive days 
(D-III). The notations for the comparable 
Task II distributions are as follows: D-A, D-B, 
and D-C. Fifteen Ss were assigned to each of 
the nine cells. 

Tasks.—For Task I the lights were paired 
with the slots in 15 different combinations. Each 
Sin a cell of 15 Ss was assigned one of these com- 
binations. The same 15 combinations were used 
for each of the nine cells of Ss. For each of the 
15 combinations another combination for use on 
Task II was made up by newly pairing each light 
with a different slot. Again, each S in a cell 
was assigned one of these Task-II combinations 
and the same 15 combinations were used for all 
cells on Task II. The 15 combinations for both 
tasks were chosen from those used in the earlier 
study (2). As was described in that study, both 
tasks can be considered equal in difficulty, be- 
cause of the method of choosing the combinations. 
Thus no control groups were run; data from Task 
I served as control for Task II. 

Subjects and procedure—The Ss were 135 
males enrolled in the introductory psychology 
course at Northwestern University. They were 
rewarded with one point of examination credit 
for each day served in the experiment. In addi- 
tion, they were told that the experiment was 
being done for the Air Force. From Ss’ com- 
ments it appeared that motivation was high. 

When S first appeared for the experiment he 
was given a crude color-discrimination test which 
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consisted of calling out the names of the six 
stimulus lights as they were presented in random 
order. Following color naming, S was asked to 
take his place in front of the apparatus with his 
hands on the levers. Then the height of the 
table carrying the apparatus was adjusted until 
the tops of the levers were approximately 1 in. 
below elbow height. Since S stood up for all 
practice trials, this height seemed to be least 
fatiguing. 

The purpose of the experiment was explained 
in very simple terms, using everyday situations, 
e.g., driving two different makes of automobiles. 
A rather lengthy set of instructions had been 
previously worked out. The gist of the instruc- 
tions was as follows: S was told that he was to 
learn, by moving the right-hand lever into the 
slots, which light was connected to which slot, 
but it was emphasized that this was not suffi- 
cient; he was to turn off as many lights as pos- 
sible during the 20-sec. trials. He was informed 
that during the 10-sec. rest periods he would be 
told how many correct responses he had made, 
i.c., how many lights he had turned off during 
the previous trial. 

On the day S was to begin Task II he was told 
that now the lights and slots were connected in a 
different way and that he was to go ahead and 
learn this task in the same way he had the first 
one. 


Results 


Although four response measures 
were recorded, only two of these, cor- 
rect responses and shallow errors, will 
be used. It was shown elsewhere (2) 
that little additional information is 
contributed by the deep errors or the 
time scores. 

Task I—Figure 1 shows perform- 
ance (correct responses) for the three 
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Fic. 1. Performance on Task I for groups dif- 
fering in distribution of trials over days 


groups (45 Ss each) with different dis- 
tributions of practice on Task I. 
Breaks in the curves for Groups D-II 
and D-III indicate 24-hr. rests. 

Although the curves in Fig. 1 indi- 
cate little or no difference in perform- 
ance as a function of practice distri- 
bution, tests of significance were 
performed on the means for the follow- 
ing blocks of trials: 1-12, 13-24, 
25-36, 1-18, 19-36, and 1-36. Be- 
cause of heterogeneity of variance, the 
t ratio by an approximation method 
(3) was used. 

Since the groups were treated iden- 
tically during Trials 1-12, comparing 
the groups for this block will indicate 
whether the original assignment of Ss 
resulted in comparable groups. Since 
none of the ¢t values for this or any 
other block of trials was significant, 
it is clear that the three groups did 
not differ significantly either from 
assignment of Ss to groups or as a 
result of distributing practice trials 
over days. 

The error data were analyzed in the 
same way with the same results; no 
significant differences were found. 

Task II.—Since distribution of 
practice was found to have no effect 
on Task I, we shall, for a first analysis, 
combine the subgroups D-I, D-II, 
and D-III within each of the Groups 
D-A, D-B, and D-C. The perform- 
ance of these groups (45 Ss each) on 
Task II is shown in Fig. 2. Compari- 
son of Fig. 2 with Fig. 1 shows that 
all groups transferred positively to 
Task II. However, the curves in 
Fig. 2 do not show much evidence 
either of differential performance as a 
function of distributing practice on 
Task II, or of differential transfer 
from Task I. The statistical analysis 
was the same as before; because of 
heterogeneity of variance, ¢ ratios 
were computed between the means for 
each of the six blocks of trials listed 
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Fic. 2. Performance on Task II for groups 
differing in distribution of trials over days. Dis- 
tribution of practice on Task I is held constant. 


above. None of the ¢t values for cor- 
rect responses was significant. 

The same analysis on the error data 
yielded three ¢ values (out of 18) 
significant (p = .05). The groups dif- 
fered in errors during the last block 
of 12 trials (Trials 25-36). Through- 
out both Task I and Task II there 
were losses in correct responses and 
increases in errors over 24-hr. rests. 
These decrements were usually brief; 
recovery was rapid, except in errors 
during this last block of 12 trials on 
Task II. This apparently accounts 
for the significant differences. 

It is possible that the preceding 
analysis, which involves combining 
subgroups, does not go far enough 
toward testing for differential transfer. 
A further analysis was made by com- 
paring all nine subgroups by non- 
parametric analysis of variance, a test 
which does not depend upon homo- 
geneity of variance (5). A separate 
analysis was made for each of the six 
blocks of trials for both correct re- 
sponses and errors. The only signifi- 
cant difference (p = .05) was on Trials 
25-36 for errors. Thus there is not 
enough evidence to modify the con- 
clusions previously stated; distribu- 
tion of practice over days did not 
result in differential performance on 
either task or in differential,transfer. 
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Since the results of this experiment 
were negative, the procedure was 
reviewed, and the possibility occurred 
that the 10-sec. rest interval between 
trials might have been counteracting 
the day distribution by allowing time 
for dissipation of possible inhibitory 
factors built up during the 20-sec. 
trial. Therefore, additional Ss were 
run with no intertrial rests, i.e., prac- 
tice was continuous within days. 


EXPERIMENT II 
Method 


With appropriate modifications of the appa- 
ratus 30 male naive Ss were given 12 min. (36 
trials) of continuous practice on Task I on one 
day. This group will be called Group C-I, since 
it is comparable with Group D-I of Exp. I. 
Group C-I was divided into two groups of 15 
Ss each, equated for performance on Task I, for 
the differential conditions on Task II. One of 
these groups was given 36 trials of continuous 
practice on Task II on one day (Group C-A); 
the other 15 Ss had their 36 trials on Task II 
spread over three days, with 4 min. of continuous 
practice per day (Group C-C). 

The instructions were the same as those in 
Exp. I, except that Ss were told to work con- 
tinuously until the signal to stop. The number 
of correct responses made by S was again re- 
ported to him every 20 sec. A timer independ- 
ent of the apparatus was used to indicate the 
20-sec. intervals. 


Results 


Figure 3 shows performance on Task 
I for Groups D-I and C-I, the groups 
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from the two experiments that are 
comparable. The groups appear to 
differ late in practice, and this is borne 
out by the significance test ; the groups 
differ at the 1% level over Trials 
25-36. Thus the usual result is found 
that distributing practice by giving 
intertrial rests yields higher perform- 
ance. The groups did not differ in 
errors. 

Figure 4 shows performance on 
Task II for the four groups from the 
two experiments that can be com- 
pared. It will be recalled that Groups 
D-A and C-A had all of the practice 
on Task II on one day, while in 
Groups D-C and C-C the practice 
was spread over three days. Further, 
in Groups C-A and C-C there were 
no intertrial rests. 

By comparing Fig. 1 and 3 with 
Fig. 4 it may be seen that all groups 
showed positive transfer to Task II. 
However, there is again little indica- 
tion of differential transfer in the 
curves of Fig. 4. Group C-—C began 
Task II at a lower level of perform- 
ance, but the difference between it and 
the other three groups at the initial 
point is not significant. 

Again, because of heterogeneity of 
variance, and unequal N’s, the approx- 
imation ¢ ratio was used to compare 
the groups in Fig. 4. Comparisons 
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Fic. 4. Performance on Task II for comparable 
groups from Exp. I and II 


TABLE 1 


VALUES oF t FoR DIFFERENCES BETWEEN 
ComPpaRABLE GROUPS OF 
Exp. I anp II 











Groups Compared 





C-C vs. C-A .13 71 68 .00 


C-C vs. D-A SD 1 2597" 24" i 2a" 

C-C vs. D-C 46 | 1.66 | 1.31 | 1.32 

C-A vs. D-A Ss i la | Zor) ase 

C-A vs. D- 31 59 | 2.98**| 1.32 
G 


D-A vs. D- 

















* Significant at p = .0S. 
** Significant at p = .01. 


were made at each block of 12 trials, 
and over all trials. The ¢ values are 
shown in Table 1. It may be seen 
that none of the ¢ values for Trials 
1-12 is significant. Thus there is no 
evidence of differential transfer as a 
function of time between trials on 
Task I, at least in this portion of prac- 
ticeon Task II. As Fig. 4 shows, and 
as is borne out by the significant t 
values in Table 1, the usual inferior 
performance of groups working under 
continuous practice eventually ap- 
pears. These differences are probably 
due to differential distribution of prac- 
tice on Task II itself, rather than evi- 
dence of transfer from different condi- 
tions on Task I. 

The error curves for the four groups 
show much the same phenomena as 
the correct-response curves, and will 
not be presented. 


Discussion 


The fact that there was no differential 
transfer as a function of either method of 
distributing practice in this study raises 
one problem when the results are com- 
pared with those obtained in the previous 
study (2). In that earlier experiment 
significant differential transfer to Task II 
occurred by varying the degree of learn- 
ing on Task I. In the present study 
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there is one case (Fig. 3) where groups 
terminated practice on Task I at signifi- 
cantly different levels of performance. 
In this case the differential performance 
was the result of massing practice in one 
group, whereas in the previous study it 
was the result of varying the number of 
trials. Yet these groups shown in Fig. 3 
did not show differential transfer (Fig. 4). 

Either one of two points may account 
for the apparent contradiction in the 
results of the two studies. In the first 
place, the differences in performance 
among the groups at the end of Task I 
were, in general, greater in the earlier 
study than the difference between the 
groups shown in Fig. 3. Perhaps the dif- 
ference in the present study was not large 
enough to be reflected in transfer. 

In the second place, it is possible that 
in the present study the group working 
under continuous practice (Group C-I) 
on Task I showed merely a temporary 
depression in performance. If there had 
developed an inhibitory process, such as 
reactive inhibition (1, 4), that soon dissi- 
pated, then the groups may have learned 
the same amount although they per- 
formed differently. Unless the time 
between tasks was very short, so inhibi- 
tion did not dissipate, one would not 
expect transfer to reflect temporary de- 
pressions in performance. Since a 24-hr. 
interval separated the tasks, there was 
plenty of time for dissipation of tem- 
porary inhibition. 


SUMMARY 


Transfer in motor learning was studied as a 
function of distribution of practice on both Task 
I and Task II. In Exp. I 36 20-sec. trials with 
10-sec. intertrial rests were, in different groups, 
distributed over 1, 2, or 3 days on both tasks. 
In Exp. II 36 20-sec. trials with no intertrial 
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rests were given on Task I in one day, and dis- 
tributed over 1 or 3 days on Task II. The 
apparatus used was the Duncan-Underwood Star 
Discrimeter, which required performance on a 
steadiness test while simultaneously learning six 
perceptual-motor paired associates. The find- 
ings were: 

1. In Exp. I there were no differences in per- 
formance in terms of correct responses among the 
groups on either task. There were a few differ- 
ences among the groups in errors near the end of 
Task II. Transfer was positive but did not vary 
as a function of practice distribution. 

2. In Exp. II continuous practice resulted, 
late in practice, in poorer performance on both 
tasks than that achieved by groups practicing 
with intertrial rests. There was again, however, 
no evidence of differential transfer; all groups 
performed equally well in the early portion of 
Task II. 

It was suggested that continuous practice 
resulted in a temporary depression in perform- 
ance, but not in learning. 
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RETENTION OF TRANSFER IN MOTOR LEARNING AFTER 
TWENTY-FOUR HOURS AND AFTER 
FOURTEEN MONTHS! 

CARL P. DUNCAN AND BENTON J. UNDERWOOD 


Northwestern University 


In the first (3) of this series of 
studies on transfer in motor learning 
the effect on transfer of two variables 
was investigated : degree of learning of 
the first or training task (Task I), 
and similarity between Task I and the 
second or transfer task (Task II). 
Although the data were not reported, 
the experiment also included a test 
for retention of Task II measured 24 
hr. after acquisition. Retention of 
Task II was measured again during 
the following year. The present study 
therefore reports data on retention of 
Task II measured both 24 hr. and 14 
months (average) after acquisition. 

Measuring retention of the second 
of two successively learned tasks is the 
standard design for studying proactive 
inhibition of recall (6, 7). Proactive 
inhibition is usually expected to occur 
only when the two tasks are mutually 
interfering, i.e., when there is some 
evidence of negative transfer from 
Task I to Task II (7). It has already 
been shown (3) that the tasks used in 
the present research transfer posi- 
tively. And as will be seen, when 
retention of Task II was measured 24 
hr. after acquisition, there was no evi- 
dence of proactive inhibition. How- 
ever, it is assumed that proactive 
inhibition increases with time (6); 


1 This is the third in a series of papers (3, 5) 
on transfer in motor learning. The research was 
performed under Air Force Contract No. 33- 
(038)-11396 between the Aero Medical Labora- 
tory of the Wright Air Development Center, Air 
Research and Development Command, and 
Northwestern University. Thanks are due to 
Dr. V. E. Montgomery, chief assistant on the 
contract. 


thus the results to be reported for 
retention after more than a year with- 
out practice should show whether pro- 
active inhibition occurs even between 
tasks which transfer positively. 

As far as is known, there are no 
other studies of retention of the second 
of two successively learned tasks after 
long intervals without practice. There 
have been some studies (e.g., 1, 2) in 
which the interval between original 
learning of the training and transfer 
tasks was varied, thereby studying 
retention of transfer from Task I 
measured during acquisition of Task 
II. The present study differs in that 
retention of transfer is investigated by 
measuring recall and relearning of 


Task II. 
METHOD 


Since this study reports data from a portion 
of the same Ss of the same task described in the 
earlier paper, details of procedure concerning Ss, 
variables, tasks, and apparatus can be obtained 
from that report (3). Only the major points of 
procedure will be given here. 

Apparatus.—The S learned to move a lever, 
held by the right hand, into six radially-arranged 
slots in response to six colored-light stimuli. 
Simultaneously, S held another lever steady with 
the left hand. If the left lever was not held 
steadily, correct responses with right lever could 
not be recorded. Thus, the apparatus required 
both paired-associates learning and hand steadi- 
ness. Each trial was 20 sec., with 10-sec. inter- 
trial rests. Separate counters recorded move- 
ments of the right lever as correct responses or 
errors, and a clock recorded steadiness time for 
left lever. With this apparatus Task I is a 
particular pairing of lights and slots which is 
different for each S within a group of 25 Ss. 
Task II is provided by differently pairing the 
lights and slots. Choice of the light-slot com- 
binations is such that, as explained more fully in 
the first report (3), the tasks are considered to 
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be equal in difficulty. This has the advantage 
that data from Task I can be used as control for 
Task II. 

Conditions.—In the earlier paper data were 
reported for transfer to Task II as a function of 
two variables: degree of learning of Task I, and 
similarity between tasks. There were four 
degrees of the learning variable: 10, 40, 80, and 
180 trials, denoted as Groups I, II, III, and IV 
respectively. Similarity between tasks was 
defined by the number of light-slot connections 
that were different on Task II from what they 
had been on Task I. The three degrees of simi- 
larity were obtained by newly pairing 2, 4, or all 
6 lights and slots for Task II; these are denoted 
as Groups A, B, and C respectively. Thus in 
Group A (high similarity) only two lights and 
slots were re-paired on Task II; the other four 
remained the same. The variables were studied 
in a 4 X 3 factorial design with 300 Ss, 25 in 
each cell. 

Two minutes after completion of Task I each 
S was given 60 acquisition trials on Task II. 
Twenty-four hours later each S was given 20 
relearning trials on Task II. The 24-hr. reten- 
tion data for all 300 Ss have not been published. 

Subjects —Of the 300 Ss originally run, 186 
returned for the second test of retention of 
Task II the following year. When S came in for 
this long-term retention test, he was told that he 
was going to have exactly the same task, the 
same light-slot relationship, that he had been 
working on when he finished the experiment the 
previous year. Twenty relearning trials were 
given. Table 1 shows the number of Ss in the 
major groups; each of the 12 subgroups contains 
15, 16, or 17 Ss, all that were available out of the 
original 25, for the long-term test. Table 1 also 
shows, for the major groups, the mean and the 
range of days elapsed between the 24-hr. and the 
long-term retention tests. For the total group 


TABLE 1 


Numsper or Ss in Eacuo Major Group, anp 
THE MEAN AND RancGE or Days E.apsep 
BETWEEN THE 24-Hr. AND THE Lonc- 
Term RETENTION TEsTS 














Groups N — | 7a 
Learning 

I 48 423.9 | 341-537 

II 47 413.7 | 348-530 

III 46 427.5 343-562 

IV 45 414.6 | 348-543 
Similarity 

A 62 420.9 | 350-562 

B 63 427.6 | 348-543 

Cc 61 411.3 341-537 
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of 186 Ss the mean days was 419.9 (14 months) 
and the total range of days was 341-562. 


RESULTS 


Acquisition of Task II.—The major 
results are presented in Fig. 1 and 2, 
where correct responses per trial are 
plotted for pairs of trials. In Fig. 1 
the four Learning Groups are shown 
with similarity held constant; Fig. 2 
shows the three Similarity Groups 
with learning held constant. From 
left to right these graphs show: 


1. Performance at end of practice 
on Task I (mean of last two trials), 
indicated by heavy points. Since sim- 
ilarity was not a variable on Task I, 
Fig. 2 shows a single point, the grand 
mean for all Ss. 

2. Acquisition of Task II. In both 
Fig. 1 and 2 the lowest curve is the 
control. As explained earlier, this 
control curve is plotted from some of 
the Task I data; specifically, the curve 
shows performance on the first 60 
trials of Task I by Groups III and IV 
combined (NV = 91). These were the 
only groups given 60 trials on Task I, 
which is the number of trials given on 
Task II. 

3. At the top of the figures, relearn- 
ing of Task II after 24 hr., and at the 
bottom, relearning again after an 
average of 14 months. The lowest 
curve among those for 24-hr. retention 
is a control; it was plotted from the 
scores of Group IV (N = 45) on 
Trials 61-80 of Task I. This group 
had their first 60 trials on Task I on 
one day, followed by a 24-hr. rest 
before continuing with Trial 61. 
Therefore, their Trials 61-80 on Task 
I can be used as a control to show, in 
effect, what relearning of Task II 
would have been after a 24-hr. rest by 
a group that had had no Task I. 
Unfortunately, there is no control for 
14-month retention. 


The 186 Ss on whom the present 
report is based are closely representa- 
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’ tive of the original 300 Ss. On per- reported. Over the last 30 trials of 
- formance at the end of Task Iandon _ acquisition similarity was not a signifi- 
acquisition of Task II, the curves of cant variable for the 300 Ss but just 
- Fig. 1 and 2 are highly similar in both reached significance at the 5% level 
a slope and absolute level to the results (F = 3.07) for the 186 Ss. 
- for all 300 Ss, as comparison of the No error or time scores (steadiness 
at corresponding figures (Fig. 2 and 3) in time with the left lever) for acquisition 
- the earlier paper (3) will show. The of Task II will be reported, since upon 
- same is true for 24-hr. retention, analysis it was found they added noth- 
on although these data for all 300 Ss_ ing to the information derived from 
1p have not been published to permit analysis of correct responses. 
= comparison. Retention of Task II after 24 hr.— 
st In the earlier paper analysis of vari- Relearning of Task II is depicted by 
1. ance of the acquisition data showed the curves in the upper right-hand 
sk that either over the first 30 or over all portion of Fig. 1 and 2. It can be 
= 60 trials of acquisition, both the learn- seen that there was forgetting in all 
II ing and similarity variables yielded groups. A measure of recall was ob- 
by differential positive transfer; the F tained by subtracting score on the first 
.c values were highly significant for both _ relearning trial from mean score on the 
wal variables, but there was nointeraction. last ten acquisition trials. These 
Since the same results were found losses are shown in Table 2. 
nt upon analysis of the data for the pres- From Table 2 it can be seen that 
ta- ent 186 Ss, the analysis will not be except for Group III, which is out of 
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line, the amount forgotten increased 
directly as Task I learning increased 
and as similarity decreased, suggesting 
relative proactive inhibition. It may 
also be seen that all experimental 
groups forgot more than the control, 
suggesting absolute proactive inhibi- 
tion. The recall data will first be 
analyzed for significance of differences 
among experimental groups and then 
comparisons will be made with the 
control. 

The test for differential forgetting 
among experimental groups was by 
analysis of variance, the results of 
which are shown in Table 3. It may 
be seen that the interaction term is 
significant, probably due to Group III. 
No particular importance will be at- 
tached to the significant interaction, 
since the same analysis based upon the 
original 300 Ss did not yield significant 
interaction and there was no reversal 
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among forgetting scores as appears in 
Table 2. Table 3 also shows that 
neither learning nor similarity is sig- 
nificant, regardless of whether inter- 
action or within-groups mean square 
is used as error (F for learning, using 
within groups as error, is 1.38). We 
conclude that the experimental groups 
did not differ in recall of Task II over 
the 24-hr. rest; there is no evidence for 
relative proactive inhibition. 

Since there were no significant dif- 
ferences among experimental groups, 
we could combine them to make a 
single comparison with the control 
group to test for absolute proactive 
inhibition. However, the means would 
be based on greatly different N’s, 186 
experimental Ss versus 45 control Ss. 
It seems better to compare the control 
with each experimental group sepa- 
rately. This was done, and of the 
seven ¢ tests the only significant value 
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TABLE 2 


Recatt or Task II arrer 24 Hr. 











Score 
Groups 
Test’ | ‘Rese | Difference 
Learning 
I 12.09 9.92 2.17 
II 12.79 10.32 2.47 
Ill 14.18 10.90 3.28 
IV 14.44 11.66 2.78 
Similarity 
A 13.88 11.53 2.35 
B 13.53 10.71 2.82 
© 12.64 9.80 2.84 
Control 11.14 9.31 1.83 














was that resulting from comparing 
Group III and the control, where ¢ was 
2.14. Again, there seems no reason 
to consider the greater forgetting in 
Group III as anything more than a 
random fluctuation. At the same 
time it deserves passing mention that 
it is Group III which reached a level 
of mastery on Task II where response 
competition between the tasks might 
be expected to occur, i.e., mastery 
equal to or slightly greater than that 
achieved on Task I. However, there 
does not seem to be sufficient evidence 
for absolute proactive inhibition after 
24 hr.; we conclude that it did not 
occur. 

Returning to Fig. 1 and 2, it can be 
seen that all experimental groups con- 
tinue to be superior to the control, and 
to differ among themselves during re- 
learning. Analysis of variance among 
the experimental groups on total score 
for the 20 relearning trials showed 
both learning and similarity highly 
significant, with F’s of 7.49 and 5.33, 
respectively. Interaction was not sig- 
nificant. Thus, there is proactive 
facilitation, rather than proactive inhi- 
bition, from practice on Task I for all 
degrees of learning and similarity. 

Again, analysis of errors and time 


scores showed little. There was a 
slight increase in errors in Groups B 
and C, but in no other groups, over 
the 24-hr. rest. The time score showed 
forgetting, but the forgetting reported 
above in terms of correct responses 
did not appear to be merely loss of 
skill with the left lever. The correla- 
tion between total correct responses 
and total time over the 20 relearning 
trials for all 186 Ss was .652; thus 
about 42% of the variance in correct 
responses might be due to variance in 
time score. 

Retention of Task II after 14 months. 
—This is shown by the sets of curves 
in the lower right-hand corner of Fig. 1 
and 2. There is no control curve, but 
by comparing the 14-month curves 
with the control for acquisition of 
Task II, shown in the lower left of the 
figures, it can be seen that perform- 
ance on the 14-month test was superior 
to that of Ss being introduced to the 
apparatus the first time (because this 
control curve is Task I data). It is 
not known, however, what perform- 
ance on Task II after 14 months would 
have been without practice on Task I. 

Recall after the long interval was 
measured by subtracting score on the 
first trial of the 14-month test from 
mean of the last five trials of the 24-hr. 
test (Trials 16-20). These data are 
shown in Table 4. It may be noted 
that forgetting tends to increase as 
degree of learning increases but there 
is no consistent relationship with simi- 


TABLE 3 


ANALYsIS OF VARIANCE AMONG EXPERIMENTAL 
Groups on REcALL oF Tasx II 
AFTER 24 Hr. 











Source df — F 
Learning 3 10.58 
Similarity 2 4.62 
LxS& 6 28.58 3.73* 
Within groups 174 7.66 














* Significant at the 1% level. 








450 


TABLE 4 


Recatu or Task II arrer 14 Montus 

















Score 
Groups 
— ne Difference 

Learning 
I 13.09 2.23 10.86 
II 13.84 2.98 10.86 
III 15.41 2.80 12.61 
IV 15.63 2.58 13.05 

Similarity 
A 14.95 2.77 12.18 
B 14.79 2.52 12.27 
Cc 13.64 2.64 11.00 














larity. Analysis of variance on recall 
scores showed learning significant 
(F = 5.50), similarity not significant 
(F = 2.85), and interaction not sig- 
nificant. Thus forgetting of Task II 
over 14 months increased as degree of 
mastery increased. It may be seen 
from Table 4 that this effect is due to 
differences among Groups II, III, and 
IV; there is no difference between 
Groups I and II. 

In view of the finding of significant 
differences in forgetting over 14 months 
for the Learning Groups, it is of inter- 
est to determine if these groups, as 
well as the Similarity Groups, differed 
in performance immediately prior to 
the 14-month interval. Analysis of 
variance on the last trial (Trial 20) 
of the 24-hr. retention test resulted in 
F’s of 6.26 and 4.81 for learning and 
similarity respectively, both signifi- 
cantatthe1% level. Interaction was 
not significant. Thus for the four 
Learning Groups as a whole there 
were significant differences in perform- 
ance immediately prior to the long 
interval, and significant differences in 
forgetting over the interval, there 
being a direct relation between per- 
formance and forgetting. Since there 
is no control group, we cannot measure 
absolute proactive inhibition, but it is 
clear that there was relative proactive 
inhibition, resulting from varying 
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amounts of practice on Task I, on 
retention of Task II after 14 months. 
We therefore find support for the con- 
tention that proactive inhibition, at 
least relative proactive inhibition, in- 
creases as the retention interval in- 
creases (6). 

Returning to Fig. 1 and 2, we may 
examine the course of relearning after 
14 months. Relearning is relatively 
rapid, at least more so than original 
learning of Task I (the control curve 
for acquisition of Task II). However, 
the experimental groups begin relearn- 
ing of Task II at a level of mastery 
lower than they have ever been on this 
task, as may be seen by noting the 
level at which they began acquisition 
of Task II. Tostate more completely 
what has occurred: there was rela- 
tively large decrement from end of 
acquisition of Task I to beginning of 
acquisition of Task II (in the earlier 
paper it was shown that this decre- 
ment increased directly with learning 
and inversely with similarity). In 
spite of the decrement, there was posi- 
tive transfer; all groups began acqui- 
sition of Task II at a level above the 
control. Fourteen months later there 
was relatively little retention of trans- 
fer if we use recall as the measure, i.e., 
level of mastery on the initial relearn- 
ing trial. Furthermore, there are ob- 
viously no differences among either 
Learning or Similarity Groups at the 
beginning of relearning. At this point 
neither variable was differentially re- 
tained. However, if we use relearning 
as the measure, there is some indica- 
tion of retention of transfer, as shown 
by the relatively steep slopes of the 
curves. And, differences among the 
relearning curves suggest that there 
may be differential retention of trans- 
fer. This is tested by the following 
analyses. 

The 14-month retention data were 
first subjected to the usual double 
classification analysis of variance, in 
which the score was total correct 
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responses over all 20 trials. It was 
found that the interaction mean square 
closely approached significance, F 
= 2.10, where 2.16 is needed for sig- 
nificance at the 5% level. This may 
raise some question as to the appro- 
priate error term for testing the main 
effects. Using within-groups mean 
square as error, learning was signifi- 
cant at the 5% level (F = 2.88), 
whereas with interaction as error, 
learning was not significant (F = 
1.37). Similarity was not significant 
with either error term. 

Even though the above analysis 
might stand by itself, it was felt that a 
more sensitive test would be obtained 
by analyzing for trend. For this, 
Edwards’ (4) analysis of variance for 
trend was modified to handle double 
classification.2 The summary of this 
analysis is shown in Table 5. The 
appropriate error term for testing 
learning, similarity, and their inter- 
action is the mean square between Ss 
in the same group. As may be seen, 
the F’s are the same as those reported 
above. However, our purpose in per- 
forming the trend analysis is to test 
the interactions of the main variables 
with trials. For these tests the error 
term is the mean square of pooled 
Ss X trials. Table 5 shows that inter- 
action of trials and learning is highly 
significant, but that interaction of 
trials and similarity, and triple inter- 
action, are not significant. From this 
analysis we can conclude that degree 
of learning of Task I is a differentiat- 
ing variable during relearning of Task 
II after 14 months, as indicated by the 
significant F’s for learning and for 
interaction of trials and learning. 
Similarity, after 14 months, is no 
longer a significant variable; all de- 
grees of difference between the two 
tasks are retained and relearned equally 
well. 


* Grateful acknowledgment is made to Miss 
Jean Paulsen, Illinois Neuropsychiatric Insti- 
tute, Chicago, for developing this method. 


TABLE 5 


ANALYsIS OF VARIANCE FOR TREND OVER THE 
20 RELEARNING TRIALS ON Task II 
AFTER 14 Montus 











Source af —. F 
Learning 3 | 264.13 2.88* 
Similarity 2 33.22 
Lxs& 6 | 192.99 2.10 
Trials 19 | 817.71 | 140.98** 
TXL 57 67.06 11.56** 
TxXs 38 5.29 
TXLxS 114 5.87 1.01 
Pooled Ss X T 3306 5.80 
Between Ss in 

same group 174 91.73 














* Significant at the 5% level. 
** Significant at the 1% level. 


Analysis of errors during relearning 
showed only that Learning Groups ex- 
hibiting higher performance in terms 
of correct responses tended to make 
more errors, whereas for similarity, 
better-performing groups tended to 
make fewer errors. 

Analysis of time scores gave little 
reason to think that forgetting of cor- 
rect responses was merely due to loss 
of steadiness. Although there was 
also great forgetting in time scores over 
14 months, the correlation between 
total time and total correct responses 
over the 20 relearning trials was only 


231. 
Discussion 


Perhaps the most intriguing finding 
concerns forgetting and relearning over 
the 14-month period. As indicated by 
performance on the first trial of relearn- 
ing after 14 months, there was very great 
forgetting of Task II, a drop to a level of 
performance never previously experi- 
enced on that task and almost to the level 
of Ss naive to the apparatus. Further- 
more, at this recall point, neither the 
learning nor similarity variables produced 
differential performance. However, when 
retention was measured by relearning, 
60% of the amount forgotten was re- 
gained within 20 trials. The interesting 
point is that among the Learning Groups 
latent differences emerged during relearn- 
ing; originally different levels of mastery 
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resulted in differential retention. And, 
it should be added, these levels of mastery 
resulted, not from varying practice on 
the transfer task whose retention was 
being measured, but from different de- 
grees of learning on the training task. 
Thus we may speak of differential reten- 
tion of transfer after 14 months without 
practice. 

Although learning as a variable had a 
strikingly consistent effect throughout all 
stages of acquisition and retention, dif- 
ferences produced by the kind of formal 
intertask similarity here employed were 
not asstable. With successive periods of 
practice and rest, similarity decreased in 
effectiveness. At the beginning of prac- 
tice on the transfer task relatively great 
differences in performance resulted from 
varying similarity. However, the differ- 
ences decreased rapidly so that in the 
last half of acquisition similarity had a 
barely significant effect. During relearn- 
ing after a 24-hr. rest the variable was 
again effective. After 14 months there 
was no effect on either recall or relearning 
of degrees of similarity. 

Finally, it may be noted that the 
results at least partially support the hy- 
pothesis that proactive inhibition of reten- 
tion should increase with length of the 
retention interval, thereby becoming at 
least as important a determiner of for- 
getting as retroactive inhibition (6). 
Previous studies of proactive inhibition 
have used retention intervals no longer 
than a few days. With such intervals 
it is apparently necessary to use tasks 
that transfer negatively, either to demon- 
strate proactive inhibition or that it will 
become greater than retroactive inhibi- 
tion (6, 7). The present results show 
that if the retention interval is long 
enough, relative proactive inhibition oc- 
curs even between tasks that transfer 
positively. 


SUMMARY 


With a self-paced discriminative motor task, 
providing both a set of perceptual-motor paired 
associates and a steadiness requirement, acqui- 
sition and retention of a transfer task were studied 
as a function of two variables: degree of learning 
of the training task and similarity between tasks. 
Since the transfer task was provided by re-pair- 
ing the stimuli and responses of the training 


task, intertask similarity was varied in terms of 
the number of S-R connections newly paired on 
the transfer task. After learning both tasks, 
the transfer task was relearned, once after a 24- 
hr. interval and again after an average interval 
of 14 months. 

The results were: 


1. Transfer was positive and varied signifi- 
cantly both with degree of first-task learning and 
intertask similarity. 

2. After the 24-hr. rest there was some for- 
getting, measured by recall. There was no evi- 
dence for proactive inhibition. In relearning 
there was proactive facilitation which varied 
significantly with both main variables. 

3. After the 14-month interval forgetting was 
sO great as to result in performance on the recall 
trial being poorer than that on the first acquisi- 
tion trial. Performance at recall did not vary 
either with the degree of learning or similarity 
of the first task. 

4. Relative proactive inhibition occurred over 
the 14-month interval. The greater the level of 
mastery immediately prior to the interval, the 
greater the forgetting. There was no unambigu- 
ous relation between forgetting and similarity. 

5. Relearning after 14 months was relatively 
rapid and varied significantly with learning, but 
not with similarity. 


It was pointed out that the results provide 
some support for the hypothesis that proactive 
inhibition increases as the retention interval 
increases. 
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SIMULTANEOUS CONTRAST AS A FUNCTION OF 
SEPARATION BETWEEN TEST AND 
INDUCING FIELDS?! 

H. LEIBOWITZ, F. A. MOTE, AND W. R. THURLOW 


University of Wisconsin 


Variation of stimuli in the visual 
field while simultaneously investigat- 
ing the effects of fovea! stimulation is 
a common operation in experimental 
studies of simultaneous contrast (6, 
9, 10, 22, 24) and brightness constancy 
(7), and has been shown to be a vari- 
able in studies on the absolute thresh- 
old (3, 4, 12), visual acuity (8, 18), 
flicker (19), vernier acuity (10), inten- 
sity discrimination (21), and size con- 
stancy (17). In order to analyze such 
interaction in a situation which pre- 
sents a minimum of parameters, Dia- 
mond (6) has determined the effect on 
the binocular visual match between 
two fields of equal size (designated 
here as test and reference fields) 
imaged independently on the two 
foveas when a third inducing field of 
the same size is presented adjacent to 
one of them. He varied the lumi- 
nance of the inducing and test fields 
over a wide range. The present study 
investigates the effect of an additional 
variable: the separation between in- 
ducing and test fields. 


APPARATUS AND PROCEDURE 


The basic stimulus pattern presented to the 
subject is shown in Fig. 14. The fixation point 
P is viewed by both eyes while suitably placed 
shields restrict vision of the reference field R to 
the left eye and the test and inducing fields, T 
and J,totherighteye. The test field is covered 
by sheet polaroid (J type) so that its luminance 
can be varied continuously by rotation of an 
analyzer in front of the right eye. The lumi- 
nance of all three fields is varied discontinuously 
by neutral filters (made from photographic film) 
which are secured to the sheet aluminum from 


1 This research was supported by funds pro- 
vided by the State Legislature. 


which the stimulus pattern is cut. The light 
source consists of two 115-v., 150-w. Westing- 
house reflector flood lamps connected in parallel 
and drawing a total of 2.6amps, DC. The light, 
after passing through heat-absorbing glass, 
illuminates evenly a piece of ground-glass located 
just behind the stimulus pattern. The three 
fields each subtend a visual angle of 30 min. of 
arc at a viewing distance of 1.03 m. and are 
viewed through 2.0-mm. diameter artificial 
pupils. The fixation point subtends 1.15 min. 
of arc at the eye and is not varied in luminance. 
The reference and test fields are both within the 
limits of the fovea (20). 

Each experimental session began with ten 
matches, utilizing the method of adjustment 
(14), between reference and test fields in the 
absence of the inducing field. The inducing field 
was then introduced at a value just above thresh- 
old and an additional series of ten matches was 
made between the test and reference fields. 
This procedure was repeated for successively 
higher luminance values of the inducing field. 
An experimental session consisted of matches at 
ten luminance values of the inducing field from 
0 to 400 millilamberts in steps of approximately 
-3 to .5 log units at a fixed separation between 
inducing and test fields. Stimulus patterns with 
angular separations between the closest edges of 
test and inducing fields of 0’, 10’, 30’, 60’, 180’, 
and 540’ were employed. The luminance of the 
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Fic. 1. (A) Diagram of the stimulus pattern 
seen by S for 10’ separation. (B) The luminance 
of the test field required for a constant visual 
effect for various luminance values of the induc- 
ing field and for the indicated separations between 
test and inducing fields. 
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reference field was maintained at 1.0 millilambert 
throughout the experiment. 

Four Ss were used, three of whom (T, M, and 
C) had no previous experience in visual experi- 
mentation. Subject L had previously served in 
the Diamond study (6). 


RESULTS 


Table 1 gives the average luminance 
of the test field required to match the 
reference field viewed by the other eye 
for ten luminance values of the induc- 
ing field and for six separations be- 
tween test and inducing fields. Each 
datum is the average of three sessions 
for Subject T and two sessions for the 
other Ss. The means for all Ss at 
separations of 0’, 10’, 30’, and 540’ are 
plotted in Fig. 1B. Because of over- 
lap, the curves for the 60’ and 180’ 
separations have not been plotted. 

When the luminance of the inducing 
field is less than the test field, there is 
little or no effect upon the luminance 
of the test field required to produce a 
constant visual effect, i.e., match the 
fixed reference field. This is true for 
all degrees of separation between test 
and inducing fields. When the induc- 
ing field luminance is greater than that 
of the test field, additional test field 
luminance is required for the constant 
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effect. The additional luminance re- 
quired is proportional, on a double log 
plot, to the luminance of the inducing 
field and decreases with increasing 
separation between test and inducing 
fields. 

When test and inducing fields are 
contiguous (zero separation), the data 
are comparable to those obtained by 
Diamond, although his experimental 
procedure differed from that reported 
here. He varied the luminance of the 
field presented alone to the left eye to 
match the test field as seen by the 
right eye which was viewed simultane- 
ously with the inducing field. The 
data indicate no essential difference as 
a result of the different procedures 
employed by Diamond and in the pres- 
ent study. In both experiments, the 
effectiveness of foveal stimulation is 
decreased when an adjacent inducing 
field of the same size and greater 
luminance is present, the decrease in 
effectiveness being proportional (on a 
double log grid) to the inducing field 
luminance. 

The effect of separating the induc- 
ing and test fields can be determined 
by comparison of the rising portions of 
the curves in Fig. 1B. With increased 


TABLE 1 


Loc Test Fretp Luminance Reourrep To Marcu a 1.0 MILLILamMBEeRT REFERENCE FIELD FoR 
Various Loc Luminance VALUES AND SEPARATIONS FROM AN 
Equat-Sizep Inpucinc Fietp 














Log Inducing Gapertine 
Field 
Luminance 0’ 10’ 30’ 60 180’ 540’ 

— 00 .00 .00 00 .00 .00 

—1.30 01 —.01 —.01 01 04 03 

—0.61 — .03 — .04 .00 04 .08 —.02 
0.08 .03 .04 .04 07 08 .04 
0.61 .25 .10 .08 09 10 09 
1.12 36 17 A 12 17 15 
1.42 48 .26 20 .08 19 12 
1.82 54 .29 21 12 .20 16 
2.18 66 38 19 12 .20 22 
2.60 75 46 28 .20 .24 22 
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separation, there is a decrease in slope 
reflecting a diminution in the inhibi- 
tory effect produced by a given induc- 
ing field luminance. This diminution 
is greatest, for a given amount of sep- 
aration, the nearer the inducing and 
test fields are to each other. For sep- 
arations greater than 30’, i.e., when 
the inducing field is entirely outside 
the fovea, no consistent trends are 
observable in either the individual or 
group data. There is a residual effect 
for separations greater than 30’ but no 
systematic variation in its magnitude 
as a function of separation was ob- 
served in the present study. 


Discussion 


The results of the present study extend 
Diamond’s conclusions, obtained with 
adjacent test and inducing fields, to in- 
clude conditions where the equal-sized 
fields are separated. These conclusions 
are: (a) for inducing field luminances less 
than the test field, little or no effect upon 
the test field is produced, and (4) for 
inducing field luminance values greater 
than the test field, the latter is inhibited 
in direct proportion (on a double log 
plot) to the luminance of the inducing 
field. The effect of separation between 
test and inducing fields is to decrease the 
inhibitory effect of the inducing field. 

The present data and those of Dia- 
mond are consistent with the conclusion 
of Graham and Granit (15) and Graham 
(13) that an inhibitory mechanism exag- 
gerates differences in the luminances of 
objects imaged on the fovea. Graham 
(13) has presented evidence suggestive 
of a neural basis for such interaction; 
Shouten and Ornstein (22) have hypoth- 
esized that electric potentials generated 
by the inducing field diminish the sensi- 
tivity of the entire retina; and Fry (9) 
has reviewed these and other mecha- 
nisms which might account for the phe- 
nomenon under discussion. The present 
data do not provide a conclusive basis for 
choosing among the various inhibitory 
mechanisms which could be effective in 
the fovea. With respect to peripheral 


inducing fields, however, it may be sig- 
nificant that most of the observed inhibi- 
tory effect occurs when the inducing field 
is wholly or partially within the fovea, 
and that for inducing fields beyond the 
fovea the residual effects are variable 
from S to S§ and are not affected syste- 
matically by the position of the inducing 
field. Fry and Alpern (11) have demon- 
strated that the “veiling glare” produced 
by a large (9.5° in diameter) field of low 
luminance superimposed on the test field 
can produce an inhibitory effect in the 
fovea similar to that from a small] (2.5° 
by .5°) inducing field of high luminance 
imaged in the peripheral retina. Thus, 
the inhibitory effect of peripheral induc- 
ing fields is shown to be similar to that 
produced by a “veil” of light such as 
would be expected to result from stray 
light falling on the retina. On this basis, 
Fry (9) suggests that stray light acting 
at the borders of the test field is the most 
probable mechanism by which peripheral 
inducing fields can modify the effects of 
foveal stimulation. The prevalence of 
stray light in the eye (2, 5), evidence that 
peripheral retinal interaction in general 
produces summation rather than inhibi- 
tion (16), and the observation that only 
residual effects were obtained from 
peripheral inducing fields in the present 
study are consistent with this conclusion. 

These data represent quantitatively 
the phenomenon of simultaneous bright- 
ness contrast. Since these functions 
were obtained by systematic variation of 
variables over a wide range, they should 
be useful as a base for quantitative inter- 
pretation of visual data, such as con- 
stancy, obtained under conditions where 
visual stimuli, in addition to the foveal 
test stimulus, coexist in the visual field.? 
The potential value of such interpreta- 
tion will be enhanced by extending the 
present type of analysis to include addi- 
tional parameters such as area, the extent 
to which the inducing field surrounds the 
test field, temporal factors (metacontrast: 
1), and wave-length distribution (chro- 
matic contrast: 13, 23). 


2 The essence of this analysis was suggested 


by Prof. C. H. Graham, personal communication, 
1952. 
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SUMMARY 


By means of a binocular matching technique 
the interaction between a foveal test field and an 
equal-sized inducing field was investigated for 
various separations between the two fields. 

For all separations, little or no effect is pro- 
duced in the test field when the luminance of the 
inducing field is less than that of the test field. 
For inducing field luminances greater than the 
test field, the test field is inhibited in direct pro- 
portion, on a double log plot, to the luminance 
of the inducing field. 

The present data are consistent with the 
assumption that luminance differences in the 
fovea are exaggerated by an inhibitory mecha- 
nism. The ability of inducing fields imaged in 
the peripheral retina to inhibit activity in the 
fovea is apparently due to stray light. 

The relevance of the present data to constancy 
and other forms of retinal interaction, as well as 
contrast, is suggested. 
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THE LOCUS OF SHORT DURATION AUDITORY FATIGUE 
OR “ADAPTATION” 


J. DONALD HARRIS AND ANITA I. RAWNSLEY 
U.S. Naval Medical Research Laboratory 


Auditory fatigue has roughly been 
defined as a reversible shift in thresh- 
old after acoustic stimulation. How- 
ever, when one examines the facts 
closely it appears that at least two 
types of reversible threshold shift may 
be found which can best be described 
as auditory fatigue and auditory adap- 
tation. The term “adaptation” was 
proposed simultaneously by Caussé 
and Chavasse (2) and Liischer and 
Zwislocki (18). In general, it is 
thought of as arising from stimulus 
intensities and durations too weak and 
brief to produce auditory fatigue; at 
least, the resulting threshold shift is 
too transitory to measure with the 
usual audiometric techniques. 

It is possible that the two phenom- 
ena may be different manifestations of 
the same reversible process, though 
this seems unlikely in view of the fact 
that adaptation can be distinguished 
from fatigue by any of four criteria 
(8): (a) In fatigue, the duration of the 
stimulating tone has a cumulative 
effect from 30 sec. up to at least 10 
min. (12, 14), while in adaptation the 
effect of duration of stimulation is not 
cumulative within the rather wide 
limits of .05 sec. up to at least 10 sec. 
(9, 16, 20). (6) In adaptation, a plot 
of the auditory threshold as it returns 
to normal after termination of the 
adapting stimulus is a straight line 
(18, 19, 20), while in even very mild 
fatigue the temporal course of recovery 
of threshold shows a much more pro- 
nounced negative acceleration (12, 13). 
(c) In adaptation, the frequency region 
of maximum threshold shift is at the 
stimulus frequency (2, 4, 14, 18, 21), 


whereas in fatigue the maximum effect 
may lie a half-octave higher (3). (d) 
In fatigue, the shape of the recruit- 
ment curve is a straight line (11), 
while, as we shall see in this paper, in 
adaptation the recruitment data forma 
curve of quite definite characteristics. 

For these reasons adaptation must 
be considered as at least a special case 
of fatigue, if it is not indeed a separate 
phenomenon altogether. Because the 
threshold shift is constant through 
stimulus durations from .05 to at least 
10 sec., adaptation must be thought of 
as a changed dynamic equilibrium set 
up somewhere within the auditory 
system. 

If, as we now believe, it is necessary 
to make a preliminary differentiation 
between fatigue and the more recently 
discovered adaptation, we may now 
inquire where in the auditory system 
is the locus of adaptation. A search 
for this locus is the aim of the present 
paper. 

The site of adaptation is not the 
middle ear, since we have found (20) 
that a patient with a radical ossilec- 
tomy yielded normal curves of recov- 
ery from adaptation. Liischer and 
Zwislocki (19) by experiments on cross- 
conduction have ruled out the central 
nervous system. By elimination, then, 
the locus is evidently placed within the 
cochlea. It is not clear, however, 
whether neural or nonneural struc- 
tures within the cochlea are respon- 
sible. Rosenblith (22) and Rosen- 
zweig and Rosenblith (23) held that 
neural mechanisms were responsible 
for a diminished neural response to the 
second of two clicks. But their argu- 
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ment is not quite conclusive. An 
acoustic stimulus was used which set 
into play the whole auditory system, 
and consequently a diminished neural 
response might be recorded as a result 
of an adaptation process at the organ 
of Corti, or the transmission mecha- 
nism between the organ of Corti and 
the first-order neuron. 

An additional line of attack has 
recently become possible with the 
demonstration (5, 6, 24) that the phe- 
nomenon of loudness recruitment is 
distinctly nonneural, and is indeed 
probably confined to the hair cells of 
the organ of Corti (for summary see 
10). It should be possible, now, to 
examine whether an ear in a state of 
adaptation exhibits recruitment. If 
it does, we have inferential evidence 
that the state of adaptation is inti- 
mately connected with the organ of 
Corti. 

The present study was designed to 
seek for recruitment in an ear already 
thrown into a state of adaptation by a 
preceding tonal stimulus. The loud- 
ness of a brief probe tone in the 
adapted ear was adjusted to match the 
loudness of an identical simultaneous 
tone in the nonadapted ear. From 
these binaural loudness balances at a 
variety of loudness levels it was pos- 





sible to explore for the presence of 
loudness recruitment in the ear exhib- 
iting adaptation. 


APPARATUS AND PROCEDURE 


The output of a General Radio Oscillator at 
1000 cps was split and led through the two chan- 
nels of an amplifier which shaped the envelopes 
to produce rise-fall times of 25 msec. each. An 
electronic timer governed the temporal pattern of 
stimuli. Figure 1 illustrates the instrumentation 
and channels. One channel, Tone A, 450 msec. 
in duration, was led to one of a pair of earphones, 
through the appropriate filtering, attenuation, 
and impedance matching. The other channel 
was filtered and split into two channels, Tones 
B and C, both 50 msec. in duration, one going to 
eachear. By this means E was enabled to throw 
one ear into a state of adaptation with Tone A, 
and subsequently to ask for binaural loudness 
matches between the simultaneous Tones B and 
C. The actual steps used were as follows: 


1. Threshold was found for Tone B alone. 

2. Tone B was raised 10, 20, or 30 db over 
threshold. 

3. With Tone B at one of these new levels, 
Tone A was introduced and raised until the 
resulting adaptation rendered Tone B just aud- 
ible. These new thresholds for Tone B indicated 
that the ear was at that moment at a level of 
adaptation amounting to 10, 20, or 30 db. 

4. Tone C was set at either 16, 100, 360, 1000, 
or 2200 millisones. 

5. The full three-tone sequence was presented 
asin Fig.1. Tone B was adjusted from its new 
threshold by S to produce equal loudness with 
Tone C at whichever of the five reference loud- 
nesses Tone C was used to produce. 
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Each of eight normal-hearing Ss made five or 
more binaural loudness matches at each experi- 
mental condition. Since five reference loudnesses 
were used at each of the three levels of adapta- 
tion, there were 15 experimental conditions. 


RESULTS 


Each point on the curves of Fig. 2 
represents the mean loudness match 
for one combination of level adapta- 
tion and one reference loudness. On 
the ordinate are the reference loud- 
nesses for Tone C in the normal, or 
nonadapted ear. On the abscissa are 
the intensity levels of Tone B which 
furnished the loudness matches for 
Tone C. These levels of Tone B are 
expressed in terms of decibels above 
threshold for Tone B. Note that the 
three curves intersect the abscissa at 
exactly 10, 20, or 30 db; this is because 
(Step 3 above) Tone A was adjusted 
until threshold for Tone B was shifted 
by one of these values. 

The curves may be read as follows: 
In Curve 2, the threshold for Tone B 
when presented alone was shifted 20 
db when preceded by Tone A; when 
Tone C was set at 100 millisones (20 
db above threshold) Tone B had to be 
raised only about 10 db above its 
shifted threshold to achieve equal loud- 
ness. In other words, raising the tone 
10 db in the adapted ear was equivalent 
to raising the same tone 20 db in the 
nonadapted ear. This faster growth 
of loudness in the ear listening to Tone 
B indicated the presence of recruit- 
ment in that ear. 

The more closely the curves in Fig. 
2 approach the 45° diagonal, the more 
nearly complete is recruitment said to 
become. In Curve 1, for example, a 
reference loudness of 2200 millisones 
(50 db over threshold for Tone C) is 
equalled by raising Tone B 50 db over 
threshold also. Thus, the 10-db 
threshold loss of Tone B is overcome 
and recruitment is complete. 
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In Fig. 2, all three curves reach or 
tend to reach the 45° diagonal, and the 
interpretation is that, at all levels of 
adaptation used here, pronounced 
recruitment occurs. 


Discussion 


The locus of adaptation—From the 
presence of recruitment in the adapted 
ear, both being simultaneous and tran- 
sient phenomena, one can infer that re- 
cruitment and adaptation are intimately 
related, and are most probably expres- 
sions in one and the same tissues of rever- 
sible aftereffects of stimulation. Hood 
(14) discussed an inference that “adap- 
tation” and recruitment are closely 
related, when he found that an ear suffer- 
ing from Méniére’s disease (and therefore 
most probably of a recruiting type) ex- 
hibits one feature (named “relapse” by 
Hood) similar to that found in an ear 
undergoing “adaptation.”” Hood, how- 
ever, uses the term “‘adaptation”’ to apply 
to his “‘per-stimulatory fatigue,” a slow 
cumulation of loss of loudness extending 
over several minutes of continuous stimu- 
lation. It is not at all clear that per- 
stimulatory fatigue, and what we refer to 
as adaptation in this paper, are one and 
the same thing. Most probably they are 
not, since what we call adaptation is a 





process complete within a fraction of a 
second. Huizing (15) found that an ear 
exhibiting recruitment by reason of per- 
ceptive deafness suffers more auditory 
fatigue than a normal ear, and of course 
recruitment in auditory fatigue has often 
been demonstrated (1,3,11,17). These 
workers did not indeed separate fatigue 
from adaptation, but there are hints in 
de Maré (4) that a recruiting ear exhibits 
more adaptation than a normal ear. 
When these studies are added to our 
demonstration of recruitment and adap- 
tation at one and the same time, the 
weight of evidence points to the locus of 
adaptation as being the same as the locus 
of recruitment, namely, in the end-organ 
itself, not the nervous system. 

The shape of the recruitment curve in an 
adapted ear.—A sharp distinction is found 
in the growth of loudness in a fatigued 
and in an adapted ear. It is seen in Fig. 
2 that the curve of recruitment is one of 
negative acceleration (the so-called 
“asymptotic” type, 10). In the case of 
a fatigued ear, on the other hand, the 
curve of recruitment is usually one of 
positive acceleration or of the straight- 
line type (3, 11). We have here further 
evidence that adaptation and fatigue 
must be distinguished. It is more than 
likely that future clinical work, looking 
toward discovering the types of deafness 
which produce different shapes of recruit- 
ment curve, may use this curve to assist 
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in determining more precisely the tissues 
involved in fatigue and in adaptation. 

Overrecruitment and “‘facilitation.”— 
Two of our Ss showed overrecruitment, a 
phenomenon sometimes encountered in 
unilateral perceptive deafness, in which 
with equal intensity input to the two 
ears, the loudness in the defective ear is 
even greater than in the normal ear. This 
condition is shown for one S§ in Fig. 3 
(those points plotted above the 45° diag- 
onal). The only explanation given in 
the literature for overrecruitment is in 
terms of a diminution of central inhibi- 
tion consequent on a reduction in number 
of available nerve fibers or end-organ 
units (7, p. 586). This explanation could 
serve in the present case if one assumes a 
reduction in the number of functionally 
active end-organ units. 

Four of our eight Ss showed a phe- 
nomenon contrary to expectation, in 
which Tone B, originally at threshold, 
leaped into audibility when Tone C was 
added simultaneously and in phase in 
the other ear. This enhancement of 
loudness we call here “facilitation.” The 
most extreme case of facilitation is seen 
in Curve 3 of Fig. 3. Three other 
Ss showed enhancements of loudness 
amounting to 2-6 db. Undoubtedly the 
phenomenon is related in some way to 
observations of super-normal periods of 
nerve response following acoustic stimu- 
lation, and to observations of changes 
in sensitivity as a function of phase 
relations. 


SUMMARY 


Auditory adaptation, defined as a reversible 
shift in threshold following very mild acoustic 
stimulation, was distinguished from true audi- 
tory fatigue by four criteria, one of which was 
the shape of the curve of recruitment. 

This experiment sought to throw light upon 
where, in the auditory system, adaptation occurs. 
By the technique of simultaneous binaural loud- 
ness balancing between one normal ear and 
another ear undergoing a threshold shift as a 
result of a preceding adapting stimulus, it was 
possible to demonstrate an accelerated growth of 
loudness (recruitment) in the adapted ear. The 
intimate temporal relation between adaptation 
and recruitment, the latter distinctly allied to 
the organ of Corti, was thought to point to the 
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peripheral organ, not the nervous system, as the 
site of the recently discovered phenomenon of 
auditory adaptation. 
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REFERENCES 


Béxésy, G. v. Zur Theorie des Horens. 
Phys. Z., 1929, 30, 721-745. 

Caussé, R., & Cuavasse, P. Etudes sur la 
fatigue auditive. Ann. Psychol., 1947, 
43-44, 265-298. 

Davis, H., Morcan, C. T., Hawkins, J. E., 
Jr., Gatamaos, R., & Smiru, F.W. Tem- 
porary deafness following exposure to loud 
tones and noise. Report No. PBM 57250, 
Comm. Med. Sci., O.S.R.D., 30 Sept. 
1943. Available from Office of Technical 
Services, U. S. Dept. of Commerce, Wash- 
ington, D. C. Sharply abridged in: 
Laryngoscope, St. Louis, 1946, 56, 19-21, 
and in Acta Oto-laryngol., Stockh., 1950, 
Suppl. 88, p. 57. 

Unter- 

suchungen. Acta Oto-laryngol., Stockh., 

1939, 31, 1-173. 


. Drx, M. R., Hatirrxe, C. S., & Hoon, J. D. 


Observations upon the loudness recruit- 
ment phenomenon, with especial reference 
to the differential diagnosis of disorders of 
the internal ear and VIII nerve. Proc. 
roy. Soc. Med., 1948, 41, 516-526. 


. Esy, L. G., & Witttams, H. L. Recruitment 


of loudness in the differential diagnosis of 
end-organ and nerve fiber deafness. 
Laryngoscope, St. Louis, 1951, 61, 400- 
414. 


. Fowrer, E. P. The use of threshold and 


louder sounds in clinical diagnosis. Laryn- 
goscope, St. Louis, 1938, 48, 572-588. 


. Harris, J.D. The several short term effects 


following “mild” acoustic stimulation. J. 
acoust. Soc. Amer., 1953, 25, 187. (Ab- 
stract) 


. Harris, J. D. Studies in short-duration 


auditory fatigue: II. The effect of the 
duration of the stimulating tone. III. The 
effect of the interval between stimuli. 
U.S. Navy Med. Res. Lab. Rep. No. 168, 
8 Dec. 1950. 

Harris, J.D. A brief critical review of loud- 
ness recruitment. Psychol. Bull., 1953, 
50, 204-220. 


. Harris, J. D., Hatnes, H. L., & Myers, 


C.K. Loudness perception for pure tones 
and, for speech. Arch. Oto-laryngol., 
Chicago, 1952, 55, 107-133. 


12. 


14. 


48. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


Harris, J. D. Recovery curves and equi- 
noxious exposures in reversible auditory 
fatigue following stimulation up to 140 
db. Laryngoscope, in press. 


- Hirsn, I. J., & Warp, W. D. Recovery of 


the auditory threshold after strong acous- 
tic stimulation. J. acoust. Soc. Amer., 
1952, 24, 131-141. 

Hoop, J.D. Studies in auditory fatigue and 
adaptation. Acta Oto-laryngol., Stockh., 
1950, Suppl. 92. Summarized in Haui- 
PIKE, C. S., & Hoop, J. D. Some recent 
work on auditory adaptation and its rela- 
tion to the loudness recruitment phe- 
nomenon. J. acoust. Soc. Amer., 1951, 
23, 270-274. 

Huiznc, H.C. The relation between audi- 
tory fatigue and recruitment. Acta Oto- 
laryngol., Stockh., 1948, Suppl. 78, 169- 
172. 

Ketsey, P. A., & Rawnstey, A. I. Adap- 
tation of the ear to sound stimuli: the 
intensity-time relationship. U. S. Navy 
Med. Res. Lab. Rep. No. 218, 26 Oct. 
1952. 

Larsen, B. Undersogelser over Lorelsens 
traethed. Nordisk Medicin, 1942, 14, 
1714-1718. 

Liscuer, E., & Zwistocxi, J. The decay 
of sensation and the remainder of adapta- 
tion after short pure-tone impulses on the 
ear. Acta Oto-laryngol., Stockh., 1947, 35, 
428-445. 

Liscuer, E., & Zwistocx1, J. Adaptation 
of the ear to sound stimuli. /. acoust. 
Soc. Amer., 1949, 21, 135-139. 

Rawns ey, A. I., & Harris, J. D. Studies 
in short-duration auditory fatigue: II. 
Recovery time. J. exp. Psychol., 1952, 
43, 138-142. 

Rawns ey, A. I.,& Harris, J.D. Patterns 
of cochlear adaptation at three frequency 
regions. J. acoust. Soc. Amer., in press. 

Rosensuitu, W. A. Auditory masking and 
fatigue. J. acoust. Soc. Amer., 1950, 22, 
792-800. 

Rosenzweic, M. R., & Rosensuitn, W. A. 
Some electro-physiological correlates of 
the perception of successive clicks. /. 
acoust. Soc. Amer., 1950, 22, 878-880. 

Sattzman, M. Recruitment phenomenon 
in craniocerebral trauma. Arch. Oto- 
laryngol., Chicago, 1950, 52, 782-785. 


(Received March 16, 1953) 





JANET A. TAYLOR 


Northwestern University 


In reporting the procedure em- 
ployed in a serial, verbal maze learn- 
ing experiment published in this Jour- 
nal, 1952, 44, 61-64, an unfortunate 
error was made in describing the ex- 
posure interval. The method used 
was identical with that employed in 
the standard rote serial learning situa- 
tion, each unit of the series being 
exposed for 2 sec. with the anticipa- 





ERRATUM 
AND 


KENNETH W. SPENCE 


State University of Iowa 


tion of the succeeding unit during the 
2-sec. presentation of the just preced- 
ing unit. There was not a 2-sec. 
interval between exposures of each 
unit as was stated in the article. A 
4-sec. interval would have allowed too 
much time for such uncontrollable 
factors as rehearsal or thinking ahead 
in such a simple learning situation. 
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